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FOREWORD 

This final report documents the resialts of a program undertaken by the 
Lockheed Aircraft Corporation, Advanced Development Projects, for the joint NASA/ 
USAF YF-12 Project. The report is prepared in tvo volumes. Volume 1 contains two 
parts. Part I provides an over vi e- W - of-th e entire program, while Part II provides a 
detailed account of the program. Supporting test data and special rep o rts prepared 
during the course of the program are presented as appendixes in Volume 2 of the 
report. 
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ABSTRACl' 

This-report presents the resulta-ofUJie YF-12 Lockalloy Ventral Fin Program | 

which was_ca.nried out by Lockheed Aircraft Corporation- - Advanced Development. — | 

I 

Ecojects for the joint NASA/USAF YF-12_Rroject. The primary purpose of the program 

■ . -3 

was to redesign and fabricate the ventral-firuof the YF-12 research airplane, using i 

i 

Lockalloy,. an. .alloy of beryllium and alminum, as a major structural— material, | 

■ ' i 

A secondary purpose, was to make a. material characterization study. of- Lockalloy to j 

validate the design of the ventral fin and expand the existing data base on this I 

material. The report, therefore, covers all significant information pertinent to 
the design and fabrication of the ventral fin and presents the material character- 
ization test results. Emphasis throughout is given to Lockalloy fabrication 

techniquef. and attendant personnel safety precautions. 
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SUMMAKY 

Lockheed Aircraft Corporation - Advanced Development Projects (ADP) has 
recently completed a program to redesign and fabricate the ventral fin assembly of 

a National Aeronautics and Space Administration (NASA) YF- 12 research airplane,.— .. 

Thia program, which was carried out-under the Joint NASA/USAF YP-12 Project*, 
entailed the firaUmaJor application of Lockalloy, aa-alloy of beryllium and 
aluminum, for a major structural component of. an airplane. The program- also called 
for a Lockalloy material characterization study to be carried out concurrently with 
the ventral fin design and fabrication effort. 

Since the YF-12 is a high-performance airplane-, its ventral fin is often 
subjected to loadings at temperatures approaching 600°F. Under these conditions, 
aeroelastic effects and flutter are a principal concern. Experience has shown that 
these phenomena are a function of structural rigidity and can be minimized by simply 
designing a stiffen fin. The necessary stiffness could have been achieved with an 
all- titanium structure; however, the penalty of added weight and possibly more parts 
appeared to be unacceptable. — Consequently, a new design based upon the use of 
Lockalloy was proposed. 

Lockalloy combines the ductile properties of aluminum with the high strength, 
low .densi%, .and stiffness of beryllium. — It_has- excellent thermal charft^ristics 

and also exhibits good formability and machining characteristics. The new design, 

using Lockalloy as the major structural material for the ventral fin, called for a 
semimonocoque structure in which a relatively thick skin of Lockalloy panels serve to 
absorb the primary internal loads. A l]ght titani'im rib and beam skeleton supports 
and stabilizes the panels. For simplicity, a symmetrical hexagon airfoil was chosen 
since this section comprises all flat surfaces, and panel tends are needed only to 
form the leading and trailing edge wedges. 
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The Loekal loy matrjrial. noodc.'d Vnr 1,hf liro/'nuti wa;: or<hTr;d Tivnij Kav/eckJ, Bcryh:o 
Induatriea, ln<r. inmiodiately roLlov/inp, eontracl, award. Each of ineomiri/' 

LockaXkoy inatt'rial waa qualification tested before use to ensure that its mechanical 
properties were consistent with the manufacturer's certification, 'ibis provided 
added assurance to the designer that the materJal would be compatible with its 
intended use_ 

The easy formability and machinability of Lockalloy were confirmed during 
fabrication of the ventral fin. Significantly, not one of the panels had to be 
scrapped during t he — y entral fabrication. Standard cutting tools used for structural 
aluminum alloys were used for the Lockalloy and no postmachining etching was 
required to eliminate microcracking... . Lockalloy. parts- were hot-formed with relative 
ease on open-face ceramic dies. Forming v;as accomplished in the ftirnace without the 
use of a hot press. Formed parts did not require cleaning to remove oxidation. 

Due to the toxicity associated with inhalation of beryllium particles, most 
machining of lockalloy parts v/as accomplished by outside vendors who were specially 
equipped for this. However, safety tests performed during the program disclosed 
that relatively simple machining operations, such as reaming, countersinking,_jiiLc..^ 
can bo done safely in-plant using only portable vacuum equipment to collect the 
beryllium particles,. ..The. safety tests were ■■ carried out under the supervision of 
Lockheed's Ifidustrial Safety Departments Those tests revealed that lockalloy can 
be handled with relative safety by fabrication personnel dcvspite its beryllium 
content. Sl^ecial precautions need only be taken during machining to prevent dis- 
persal of the beryllium particles; none are tieed'd in connection with hot- forTiin/' 
operations. — 


Sin-.'-- 'hi;; v/a;; one of the first major uses (>f Lo-.-kalloy, the ir.aterja! 
■hara'! tcrisation :;i,u>iy wa;; -arried out to va.. i ;al'- th- i' s:;-;. •.■M.cept a:. .i 'iL:;'. 
[i'*'ov:l 'i<* ;oldi' ''r.i'ol .la' a j'"!a’ iv" ' Ir- -han : ti. ej' r' L ;; : ■ r.ia. 
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The results of the tests indinate that Lockalloy is ideally suited to this and 
similajr-applications where light Weight and stiffness in the face of compression- 
type loading are requisites. 
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PART I 


PROGRAM OVERVIEW 


II Ml 
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£ Page 2 

SUMMARY 

~ ■ Part I contains and explains the viewgraphs prepared as a sum- 

mary for the final contractor report on the YF-12 Lockalloy Ventral Pin 
Program,,,. prepared for the joint NASA/USAF YF-12 Project. 

f~ The results of this program have demonstrated that Lockalloy is ii 

£ suitable structural material for aerospace application. In view of the 

present lack, of adequate statistical data on Lockalloy, any critical 
application will require continuous monitoring of the properties for 
f the received material before it is applied. This is the same procedure 

which Lockheed used to design and build the YF-12 Mach 3 vehicle some 
fourteen years ago when the titanium alloys were also lacking an ade- 
:• .... quate statistical data background. 

- The data obtained during this program agreed reasonably well with 

the expectations as based on earlier information, except that the form- 
^ ing bend radii were not quiite as good as expected. 

i- Enough data has been developed to validate the YF-12 Ventral Fin 

Design and to justify committing Lockalloy to aerospace structural 
r applications. However, there are areas where Lockheed believes addi- 

tional testing would be useful, either before or during the next major 
application of Lockalloy. They include: 

i :t 
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1. Eniabli:’.!) a r.alial'at.' l,Oi-y moan;;, l>y I.eat. and anaiyaia, ol‘ do1,oi'- 
minin," the ModuLua ot Elafitieity from coupon data, r.ut;li that J.t 
will be ccnaiatent with meacurcd stability allowable on irLatc or 
coliuTui specimens at both room temperature and 600°F. 

2. Develop more test data and analysis on the ei'fects of fortnin"; at 
1050°F and the optimum practical stress relief cycle. The cti’ess 
relief used on this program was to soak one hour at 10t>0°F. There 
are indications- that there may be a more optimum heat treat cycle. 

3. Establish (by tests) full S-n fatigue cur'/es for K. = 1 and 
K. - 3? at room temperature and at 600*^F. 

It. Run Creep Data Tests for additional stress level.s at 600°F. 


ORIGIN OF THE YF-1^ LOCKALLOY \rENTRA.L PROGRAM 







LCCKAIiOY VENTRAL FIN PROGRAM 
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COMPLETED LOCKALLOY VENTRAL FOR YF-12 



REPLACES THE RE-DESIGNED ALL-TITANIUM VENTRAL, AND FOR APPROXIMATELY THE SAME WEIGHT fe 
(250 LB), INCREASES THE CHORDWISE STIFFNESS BY 800% AND THE TORSIONAL STIFFNESS BY 500%.£ 





LOCKALLOY VEHTRAL INSTALLED ON YF-12 
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YF-12 LOCKALLOY VENTRAL OPENED 
ON ONE SIDE FOR COMPLETE 
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TiO CKALLOY SHEET ATTO PLATE SIZE LIMITING FACTOR 
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THICKNESS - INCHES 1063-34 
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• 20 INCH SQUARE Be-38AI PANEL 

•SIMULATE LOCAL INTERFERENCE HEATING TO APPROXIMATELY 1000°F 

• DETERMINE RESIDUAL SHEAR STRENGTH AFTER THERMAL SHOCK 1063-12 
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SAFETY REQUIREMENTS - LOCKALLOY 
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SAFETY TESTING - LOCKALLOY 








THE PROGRAM AND WILL UNDERGO A RE-EXAMINATION 
AT CONCLUSION OF PROGRAM. 
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MECHANICAL AND DESIGN PROPERTIES TESTS (Be-38Ai) 

i 

I MOST SPECIMENS TESTED AT BOTH ROOM TEMPERATURE AND AT 600 °F 
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RESULTS OF MECHANICAL AND DESIGN 
PROPERTIES TESTS (Be-38Al) (2 OF 2) 
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FRACTURE TOUGHNESS COMPARISON 

• All TESTS DONE BY LOCKHEED RYE CANYON LABORATORY 

• THE TITANIUM TESTS ARE REPORTED IN AFML-TR-74-]'© 



RES I DUAL RATIO STRENGTH, R,-- (AS PER ASTM D99) 


CRACK GROWTH RATE CHARACTERISTICS 




IH 
f ) 
. i; 


K 

EH 

pci 

O 

O 


O 


H 



<o 


a 

o 

w 



IJ 

s 


t-l 


EH 


Pm 


CO 


O 

(J 



to 

3 

Pi 

g 

H 






o 

< 



fr, 

K 


IH 

V3 

S’ 

PM 


g 


o 

« 

H 


^ § 


IH 

w 

s 

a 

s 

o 

H 

Pm 

g 

CQ 


po 

PM 



trt 

o 

5 

r-H 

to 

8 


H 

H 

Pm 

PO 

to 


1 


W 

'2 

W 


Pi 

f*? 

r> 

a 

V3 




to 



s 

* 

5>cJ 

>c 


in 

f ) 


O 

Q 

< 

M 

; 



1-1 




,— 

PU 


t' • 
r-i 

( 1 

Ui 


< ) 

■•j; 

M 

I- 1 

clj 


310 A 3 /N ‘im HiMoao aovaa snouvi ■ np/bp 









FATIGUE SrroUMHCE LIMIT (Be-38Al) 


Page h(> 


fij 

c> 

Th 

»"» 

’i 

rn 

« 

IH 

N 

i-q 

o 

H 

H 

f — I 

o 

M 

W 


.’•t 

r < 
•<; 

CH 

§ 

ro 

VO 

0i 

w 

WJ 

•■>; 

to 

r-( 

til 

If 

« 

(=) 

B 


o 

o 

tj 

n 

o 

tb 

o 

C*! 


iij 

CO 

CO 


IH 

H 

< 

•a; 

a 

b: 

(O 

to 

i j 

d 

y 


o 

o 

l-l 

s 

EH 


W 

H 

H 

W 

g 

to 

to 


tH 

CO 

o 


CO 


JH 

o 


o 

s 

03 

0 

ti 

i:-< 

H 

i-i 

01 
r 5 

fi 

M 

H 

n 

1 i 


n » 
i I 


Ih 

r-H 

P3 



O 

a 

Pk 

Ph 

o 

o 


o 

o 

px3 

P3 

o 



vO 


EH 


H 

< 

IH 

< 



W 

m 


W 

N 

, 


O 

to 

Em 


H 

F 1 

4J 

V3 


a 

< 

Xc 

-i; 

IQ 

8 

P3 

t’3 

Oi 

o 

'i 

1. t 

(M 

CO 

< 


VJ 

M 

t-i 

1 1 

li 

! I 

ri 

; ; 

f'i 

i i 

O 

^■\ 

• i' 




f’t 


1 * 

1 J 

i < 


i 1 
\ \ 
i I 


g 

R 
M 
I < 

03 

0 

I't 

■t 

1 i 

!*! 

( I 


(:1 


a 

03 

P^ 

W 

n 

}3 

1-H 

« 

R 

0 

fe 

03 

tQ 
f i 
t /3 
t -1 

1 I 

I I 


r ) 


a 

P3 

Pk 

CO 

[I 

o 

u 

U’i 

0 

1 1 
tr; 


iu 

1 1 
[il 


oRjGiNAi; PAOBag 
POOR QUALE® 


I 








1063-15 






GALVANIC AND GENERAL 
CORROSION RESISTANCE - LOCKALLOY 


I 


1^9 


3 

o 


C/> 

Z 

o 

p 

o 

z 

o 

u 



a; 

ZD 

O 

X 




{2 


2 

2 

tsj 


<• 

qJ 


X 

o 


>- ^ 

£ Q Q 
l/^ tif< 

1 _ OX 


< 




lii 

oo 

ZD 

t/> 


o s: 

cc 

Q. o 

^ o 
uu 

t: 
a: o 

sg 


o o 

LU UJ 
Q. Ql 
l/> W1 
Uu. U- 

O O 


T\ 

o ^ fs, 

o. 

to 


«A 

►- 

•J 

3 

(A 


o 

£ 

< 


on 

O 

CK 

o 




o z 

< —I 

o*^ 

z R 

<5 

o g 
o "T 

f— on 


o 

J— 

2 

o 

a: 

Q_ 


o 

S 5 

fcSz 

Eo 

o g 

•- 9 
X o 


M 

— O 


2 O 
-n UJ 
00 

3 o 

i7> tii 

o 

q £ 


o 

o 


< 

q: 

UJ Q 


o|±! 

I • I * 


ZD < 

0 

Q _J 

h- C 
X 

f n h" 

5 X 2 
^ X a£ 

U. CD O 
— < < 


UJ rt' 


2 O 




STRESS CORROSION RESISTANCE (Be-38A|) 


1 


CO 

T 

3 


rago 51 


IT' 


«/> 

Z 

O 

5 

Z' 

O 

u 

t/> 

ui 


Q 

Z 

< 

UJ 

a; 

h- 

< 

K 

Q. 


o 

o 

Q£ 

h- 

< 

Q 

UJ 

CO 


t/) Q 

z l±i 

^ LU 

o o 

t/) ^ 


— If 

Q Q_ 

3o 

O ^ 




sS 

O S 
o “ 

gi 

~ X 

S Q- 

X Ci 

o-<- 


00 


t /1 


2 S 


PO 

3:; 


00 


0 £ 

UJ 

a. 


o 

CO 


UJ 

Q£ 

< 

OQ 


a ^ 
o 

p o to 

00 ^ 

fid d£ ^ 
QL Q_ 

A A 

• • Q- 

00 


3 2® 

Q O Q 

QdS 

g I— h“ 

— ' < < 

m to t/> 

C _3 S o 


Q- 

00 


8S 

t 

< 

o 


v: 

o 

o 


00 

o 

Od 

fid 

o 

o 

00 

to 


00 

fid 

o 

u. 

o to 

UJ fid 
h— 3 D 

UJ ^ 
Ql ^ 

gs 

■ r=-f 

^ z 

lU i< 

a ^ 

Q- cT 

CO J=« 


CO 

z 

UJ 

S 

3 

a. 

CO 

>- 

< 

z 

o 

o 


2 id 

o 

< 

fid 

O 


CO 

O 

fid 

fid 

O 

o 

CO 

3 

CO 


o 

gr 

o 




3 

t/l 


















LOCKALLOY 

SHEAR PANEL TEST -SET UP 



75 - 5413-4 




LOCKALLOY SHEAR PANEL TEST RESULTS 


Ml 



w 







d 

r « 

o 



i: : 

‘ “1 

w 


<.) 

t'l 


|‘N 

»! 1 

i! 


»■> 

ri 

PH 

o 

t’» 

f 1 


p:> 

C 3 

H 

r»H 

I'l 


J* 


£3 

(O 


V • 
r-t 

K^l 




O 

»--• 
f — i 

o 



•' 4 . 

M 

P 

o 

CO 

r; 


H 

n 

Pt 



[ 


H 

n 

Ct] 

O 

0 

^■3 



EH 

• « 

W H 


P 

w w 


R 


><: M 

W EH 

« H 


P s 

W EH 


< p 

s s 

w o 


W H 

a y 


•h; W 

P r-H 


>< 

ph m 


U 

jr; 52 


• M 

S 5 

E^l 


< H 

L’’ L> 

I-; p 

^ p 

B ^ 

pj ;-i 

M 


w o 

Ph M 

P B 


p t"} 

t.Q i-i 

t] ^ 

T; )'• 

i i CO 

5! 


e i 


o 

p 

< 

o 

EH 

P 




P 

to 

O 

CO 

P 

o 

w 

a 


H 

rn 

fT^ 

EH 

><. 

w 

o 

rA 

CO 

Fh 

P 

o 

H 

IH 

o 

to 


n 

r f 

R 
( ■ 

rr^ 

H 

t 1 




I 

1 


1 


! 




1 " VI 



X 

i/1 

>- 

O 

< 

u 


CQ 


§ 




</^ 

o 

ce: 

^ </> 


CO 

O- 


CM 

•k 

29 

CSJ 


CO 

0^ 

a 


o 

Ch 


(— iXI 
<C I — 

Q rc LU 
UJ O 
Q£ Z) Q 

Z3 O ^ 
O De: |_ 

o a: 


< 

o 


o 

CO 


a 


O LU 
UJ Q£ 


IS 


CD 


o 

u^ 
CO h- 


CO C 

<c o 

CD ljj 

^ o 

o o S 

0^3 



o 

LU 

Q£ 

II 

UJ 

CO 

o 

LU 

K- 

LU 

c_> 

z: 

CO 

2 

QC 

LU 

LU 

II 

1 

Ll_ 

LU 




~« 


O 

Q£ 

o 





< 


O 

LU 



_1 

_I 

H* 

1 


o 

<c 

CO 

LU 

LU 

LU 

< 

Q 

0£ 
CD O 





o 

LU 

<r 

o 

LU 


o 

t 

H- 

o 

Q£ 

LU 


C 

o 

_1 CQ 



Cu 

u_^ 

CO 

u: 

(O 

< 

z: 

< 


Q- 

CO 


- 


# 

• 


• 



• 


• 

• 


# 




rX)CKALLOY THEPmL SHOC: 




TIME. SEC 












!.:! 

r > 

f;i 

[;] 




o' 

« r* 

R 

R 


1 


K 

fii 



fti 

u 

ftl 

Pi 

O 

f ■» 

n 

1 

P-I 




I'l 

r 1 


,3 


CJ 

P'f 

1 ( 


h 


i; I 

-ij r,, 

p4 o 

^ a 


O 03 
C3 M 
K 

O 


U! yA 

r-c 


R rcr 

03 R 


O yA 

W < 


g 

O I -I 


w 


R fr' 
H 



o 

P. 


H 

o 

M 

CO 

f-i 


R 


CO 

iii 

R 

fi 

i -1 

M 

E 

S 

'■-i! 

r~* 


a 

p 

M 

r-* 


03 

n [ I 


C3 ^ 

W H 


R I 


V - •• — • 

CO 

To 

o 

a 

i'H 

ro 

CJ 

CO 

tl 

1 3 

a: 

O 

M 

t: 1 


in 


_ 




CO 




r-r: 

P 


Ui 

- 


1^ 


«-i* 




r > 

P 

''*» 


t. 

q 

r) 



[--3 

Ffl 


H 

1— » 




j-^ 

w 

R 


03 


w 

1 ^ 


H 

:;i 

rP 

25 

:f 

h 4 
r 1 

p, 

Iv 

R 

p 

w 

R 

«\ 

p 

ro 

H 

w 

R 

R 

F^ 

Ur 

P 

P 

pH 

p^ 

g 

'0 

"Z - 

O 

F-1 

« 

C-3 

CO 


R 

r? 

!: < 

R 

p 

N 

-T 


r i 


r-t 

V 1 

F'] 

P3 

;>3 


1-3 

[■ 1 


” 


to 

W 

f:; 


r 1 




J 

< 

ir 


1 1 

p; 

PI 

Li 

(m 


I < 

p 

th 

ui 

j \ 

cl> 

f i 
[ i 

[ i 



j-4 
■ <•. 

TH 

Loi 


!.^ 
t t 

. 

f--3 

f."’ 

f-O 

ui 

"j 

•J- 

t: » 


'.) ' 1 

;_> 03 


I’i ' 

R H 


LOCKALLOY SHEAR PANEL 
THERMAL SHOCK TESTS 


6l 


Z 1-090 1 



CO 

< 




00 

< 


£ 

C£. 

!S 

zn 

CO 

>" < 


o 

< 

§ 


< 

o 


o 

UJ 

Cxz. 


CO 

> 

o 

LU 

ID 

CO 

!S 


ID 

I— 

<c 

Of 


Q 

CO 

I ■ I ic. 
H- CO 

00 ^ 

^ i3 


S q; 


o 

o 

□z 

S5i 

IC ^ 00 

O ~ 

•“ CO S 

2 ^ 

<C h— 

^ O 5 
^ O g 
OQ O p 
zz) o z: 

00 oo S 
— » < — » 
z g ^ 


< Q 




1 




W O 

i;< 

H to 

5: W 

^ « 

PI n 

f-A 


S O 

O H 

O 

P 

f-f 

P) 5 

CO 

W EH 

O P4 

M W 

CO p 


S F* 

W 


y o 

< M 

r-i 

n 


Q M 

Pi CO 


r— I Pl-I 

W Ph 

> M 


1-^ 

y £3 



t~"- 

fC 

o 

o 



r 

P4 

t-3 

Q 

“ 



M 

c/j 

M 


l-v 

< 

o 

IH 

« 

O 

r"? 

n 

^r* 


p; 

f-H 

lO 

pa 

[ -i 

h-i 



R 

r_> 


t "'< 

ro 



*xJ» 

. • 




0 


- 

1 ‘ 

o 



t 


O 

H 


f'' 

»N... 







r * 

* • 

Cl 

li 

t ‘, 



)--! 

^-1 

1-5 

O 

** 

I'j 


O 

.1 

1 -» 




Pn 

J ' 

• . , 

— 


* 





o (£, 

H (H 


VENTRAL FIN STRUCTURAL REQUIREMENTS 




I 

i 

I 


I 


1 


PaffG 64 


f/3 

■i 

P! 

O 

<•< 


W 

t/3 

U 

< 

a 

I 

o 

9 


rt 

pL< 

o 

H 

K 


W 


U 

to 


I ' 


H 

M 

H 

H 


M 

n 

>-i 

W 

H 

'/i 

ro 

f*3 
u: 
I 1 

fO 


rH 

s 

o 

s 

ea 

o 

FrI 

e< 

^!3 

5? 


t-1 

w 

tH 

i 

I 

Si 

to 

Kl 

s 

M 

I- 9 

M 

I^< 

« 

O 

P. 

h 

M 
rj 
M 
f « 


Lj 


i i 
< ) 


^ a: 

sg 

S =) 

... o 


>■ 

OQ 

fi- 

> 3 : 


>- 

o: 

a: 

Sg 

to ^ 
uJ Q 

o 


p: cQ 

§ iJi 

S| 

yg 

Si 

o 

o ^ 


is 

tO CO 


CO ^ 
UJ ~ 

st^ 

§i 

to ^ ^ 

e o ^ 

2?i 

“ o < 

</> 3 i 

to ® 
UJ UJ rr 

u_ s o 

r^ Q- I — 


5 §> 

gsg 

3 o — 
a: ^ 


sg 


z g 

^ to 

CO >_ 

“I 

on ni 

S $ 
^ o 
~ o 


il 

to 

Eo 

E < 






- o. 
Z UJ 

© u 

— z 

*• 


iv01 


flil^ 




i 1 



TOOLING REQUIREMENTS 

basic dimensions drawing 






I 


1 








ASSEMBLY 


pa,''e' 


n 


CO 


(U 

X 




E-l 


J2: 

0 

M 

rn 

.1 

. -I 

1 I 

ro 


ASSEMBLY SEQUENCE 






VINTR^L SURFACE COMPRESSIVE JOINT SPECIMEN 

SURFACE AXtAL JOIJ^T SPECIMEN 



10|»-22 


\TMTRAL SFAMWISE BEHPIKG SPECIMEN 


Pa/'n y)* 




w 

M 

O 

?! 


CO 


H 

>1 


O 

I 


JH 

O 

a 


E^ 


9 . 

Ct 

w 

CO 

to 


EH 


Ph 

Eh 

CO 


CO 


Eh 

H 

EH 


EH 


W 

o 

H 

Eh 

CO 


p 

* 3 » 
# < 
) I 


ir\ 

--H 


O 

W 

< 

C 5 

S 

Cl 

I 7 i 

I 

O 


o 

o 


Eh 

B 

K 

EH 

CO 


V> 


B 

CO 

EH 


>1 

§ 


O 

EH 


ft 


s 

pi' 

B 

CO 

W 

CO 


ft 

ft 

r ( 

< 

EH 

CO 


n 

f- -< 

M 

S 

Cr 3 

(II 

W 

w 

M 


• I. 

ro 


CJ 

r-t 

M 

o 


Eh 


H 


m 

w 

CO 

H 

i 

CO 

CO 


E-i 

CO 


ffi H 

a 

S 

O EH 

B - 


fe! 

EH 

I? 

O 

EH 


EH 

CO 




EH 

CO 


CO 

g 

« 

w 

g 

o 

e; 


Ph 

O 

EH 


CO 

I 

g 

t-H 
F 1 
< 
n 
to 

I I 

o 

(•; 


w 

I". 

CO 

H 

EH 

W 

O 


a 

U) 

ft! 

1 


PM 


ro 


Cj 

h) 
i -I 

Cj 


f;i 

I 1 


CO 

CO 

g 

EH 

CO 


PO 

H 

pH 


CO 

CO 


ft 

EH 

CO 

EH 

o 


o 

O 


EH 

>H 


^ § 


ft 

i 


( ^ 
I 4 








<r-... 




o 


2 — 


Ck 

h- 

7L~ 

to 2 

LU 


d 3 

< ^ 

ku 

•otJ 

»j.iA 
< > 

Q_ O 
Q o 

“ 2 . 

i-i 

2 ^ ^ 
Ul 2 LU 

§ s 

o <c; LU 
fcH > 

> i/I 

Q_ DO 

to ,_ ^ 


0)0 
UJ Qi |i- 

h- Ll_ O 


to <C 
to O 
uj o 

a: Zj 

LlJ □□ 

O H- 
/V <C 


to 

Q S 

liJ — . 

iz X 
3 S 


— q; 
to < 


to 

Q_ ^ 

3 < 

o 5 

o 


q; to 

Z 3 ^ 
Zj lu 
— or 
h~ 

iZ: to 


<C ?= 




Fajro Y(> 


CO 

EH 

CO 


1-1 


s 

1-1 


o 

s 


Pi 

P4 


IH 

to 






O 

hi 

r I 

n 

a 


o 

o 


Cl 


I 


1-1 

«a; 

o 


(^1 

n 

Pi 

o 


CH 

§ 


Ct 


04 


H 

O 


I 


w 

CH 




t.5 

u 

o 




o 

H 


9 g 


CQ 

H 

PI 

i:-i 

CO 

H 

R 


CO 

CO 


r 1 

H 


P. 

to 


Ct 


CO 

< 1 : 


R 

R 


to 

< 


§ 


o 

R 


R 

S 

PI 

R 

S 

H 


R 

O 


pH 




6] 


H 

R 

Pi 


R 


IH 

U 

< 



b 

H 


0 

F-i 

n 

P 


CO 

^'3 


M 

(O 

H 



R 




ri; 

H 

'- 


[H 

CO 

b 


to 

i- 

g 



f 1 

!H 


M 

1-1 

R 

“ 


M 


rn 

m 




N 

'i 



gi 



p- 

IH 


0 


CO 


”■ 

U} 

w 

R 

R 

w 

rr: 

~ 

R 




r 1 






w 

0 

Pi 

ro 

t>i 

(3 r 


[. 1 

\\\ 

L« 

M 

H 



*“■ 

1 -> 



It 

PI 


> i 

. ^ 


c'> 
\ \ 

’•H 

I 1 

n 

fcj 

0 

0 

t '] 
!--! 







} ! 

»-• 


R 

I't* 



[ i 




PI 

• ■» 

r.) 

R 



_ 

r 1 

f -c 

n 



1 ’] 

r H 


p] 

f H 


. -1 

IH ■ 

rq 

11 

T 

R 


■ ' 


PI 



■* 

['-! 

r ) 
M 


P3 

CO 

R 

•10 


»fV 

— 

0 

r ) 

r 1 
.) 

a 

1 - i 

n 

5=3 

r •» 

(, ■ 

0 

1 1 

'j 7 !_ 

f;i 

(■1 

(L, 

\ 1 

l;l 

"i 

i,| 

1 1 
\ 1 

* • * 


[_! 




• 3. 


i: I 

r^j 


I 1 

*■: 

i ! 

i ’> 


± 


Bice 77 





O 



-> O 

1 "A" 

I— oo 


C2l 

g 


Oi 

< 

LU 

CO 

< 

o 


q:; 

X 


S-£90l 



> 
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rii'iCTioj'i I. 
IN'iHODUCTION 


1.]. PURPOaK OP REPORT 

This roporl, tlocumcnts and sujtimarivies tho rocuils ol a prof'ram undertaken by 
Lockheed- Advaneed Development Projects (ADP) for tho NASA Flip.ht Research Center to 
design, fabricate, and ground test a LockalLoy ventral fin assembly for the YF-12 
research airplane. It also presents the results of an accompanying material char- 
acterization study for Lockalloy, which was used in the construction of the ventral 
fin assembly.* 

1.2 PROGRAM OBJECTIVES AND ACCOMPLISHMENTS 

On 21 April 1975 > Lockheed-ADP was awarded a contract under tlie joint NASA/ 
USAF YP-12 Project to develop a ventral fin assembly for tho YP-12, using Lockalloy 
as the major sti*uctural material. The contract also specified that a material 
characterization study of Lockalloy be conducted concurrently to supjxjrt the ven- 
tral design. The ventral fin was to be designed to exceed previously established 
physical and mechanical requirements that were used for the design of an all-titan- 
ium ventral fin. One of the principal design objectives was increased stiffness. 

Lockalloy has sufficient strength at GOO'^F to be considered as an alternate 
material for titanium on a vehicle operatin'^ at Mach ji. The modulus of elasticity 
is almost twice that of tiic commonly used titanium alloys, and the density is about 
one-half that of those titanium aJloys. This makes Ii«.:)ckaIloy vej’y httructlve for 
use in relatively thick surface panels with a minimum of supporting substructure. 
The new design emphasizes siiniiliclty of constniction and entails tlic use of botli 
LockaJ.loy and titanium. The s.ubstruct\ira] elements and fitting.s arc made ol’ titan- 
iuiti, v/hlle the surfatre elements (panel.';) aj*c made of Be- ifiAl Ixjckalloy (u2 peivcni 
beryllium, pcr(!eni aluminum) . 
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I^j.'kul ..t f>y cojiibin' the tnoi;t dffjJrabI' charaet' rJ.!:t J <•:; oI‘ b'lth IxTyl liuin and 
alniiiinum. Th*' ductile prfjpi rtle.s ul' purt. aluminum ari. combined with the higher 
fitrcni^th and stilTn';:s:i of bcrylliiiiii. The phyi:i<;al properties of hoekaJioy arr 
(,‘qually us uttrof.-tivo us its mechanical propert ies, -..since .it-Jias-hif^h. specific heat 
and-tiiexmal-conductivity-and- has low density, in addition, LockaiJ ov f;xhibits good 
formabiiity and-machiaing characteristics and useful structural properties from 
-320° to 800 °F. 

This program represents the first significeint application of Lockalloy as a 

structuraL-material-for a major aircraft component. The published.properties of.. 

Lockalloy made It the best material to use on the ventral fin. The program offered 
an opportunity to explore Lockalloy and more fully characterize it as a structural 
material. The ventral fin fabrication operations provided firsthand experience in 
machining and forming Lockalloy, while the material characterization study did much 
to expand the material data base and validate the ventral fin design. 

When the YF-12 aircraft were built some llj years ago, titeinium alloys were 
almost as new and untried as Lockalloy is today. Accordingly, the YF-12 philosophy 
of qualification testing and recording of each piece of incoming mate rial-was also 
used on the YF-12 Lockalloy Ventral Fin Program. These qualification testing results 
are of much gfetiter value to the designer than any data obtained by statistical means.- 
Even the well=knoWn aircraft materials of today could be more safely utilized using 
qualification testing data on the specific piece of material to be used, rather than 
relying on standard statistical results which constitute "probability values." 

To ensure that the design objectives of the program had been met, the completed 
ventral fin assembly was instnimented, installed in a loading fixture, and subjected 
to a series of proof and calibration tests. Proof-loading was employed to subject 
the fin to the maximum loads anticipated in flight. The calibration tests were 
performed to calibrate flight lest instrumentation. These tests were compli;ted 
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without Incident and the ventral fin aancmbly was subsequently delivered to the 
NASA Flight Research Center. 

1.3 SCOPE OF REPORT 

This report contains a detailed -account of the ventral fin design and fabrication 
effort and the accompanying material characterization study. A narrative-discussion 
of all itt'Ogram activities and significaflt events in chronological sequence is pre- 
sented in Section R, The results of the Lockalloy material characterization study 
are suxflmarized_and_analyzed in Section 3> while supporting data may be found in 
Appendixes A "feru E. Section 4 discusses the design criteria for the ventral 

fin, including design support testing. Tooling requirements for the ventral fin 
fabrication are discussed in Section 5. Section 6 covers fabrication of the fin, 
including in-plant operations and vendor operations, and also includes a summary 
of Lockalloy fabrication experience. The ventral fin ground tests are described in 


Section 7« 
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SRCTION 2 

CimONOI-OGIOAL RVKm'S AND PROGRAM ACTIVITIfclR 


This section provides tin overview of the YP-12 Locksiioy Yentrtil Bin ProRrtun 
from the standpoint of program activities and significant events, 

2 a PROGRAM SCHEDULE 

The major events associated with . the program and the time frame in which they 
occurred are listed in the Program Schedules, Figures 2.1-1, 2.1-2, and 2.1»3. 

2.2 ACTIVITIES’ AND SIGNIFICANT EVSNTS — - - - 

2.2,1 Task I - Ventral Fin Design, Fabrication, and Test - The Be-38A1 Lockalloy 
material needed to fabricate the ventral fin, provide the contingencies, and carry 
out the material characterization study of this alloy was ordered from Kaweeki 
Berylco Industries, Inc. (KBI) on 22 April 1975 (see Figure 2.1-1). This included 
both sheet material and extrusions. Deliver” of this material was scheduled during 
the period 15 June to l8 July 1975. The material required for fin fabrication was 
to be delivered first, along with sheet material for that portion of the material 
charaeterization study required to validate the fin design. Contingency material 
was scheduled for delivery last. Actually, dei^iveries of the sheet material needed 
for the fin surface panels were made in the period 25 July through 22 September 19^5. 
^Production problems involving the larger Lockalloy sheet material were experienced 
at KBI. As a result of these pr'^’^lems, the sheet material accepted was 40 inches 
long rather than 50 inches as originally ordered and necessitated an added splice 


in the ventral fin. 
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Knf^inooT'l.nK opiiicri't/ tfOats were eondueted in Msy e-pd Juno yj(.) provt. 

ultljnatc load eapability of oriUoal portions of the fin. 'fheso included; 

(l) compression panel tests to validate panel splicing design teehniq.ues, (2) mechan- 
ical fastener joint strength-tests to validate mechanical fastener spacing, (3) box 
beam compression stability tests to verify that the titanium substructure would 
provide adequate support for the Lochalloy surface panels. In addition,., safety 
tests were performed throughout the contract period to determine the possible 
existence of health hazards when working with Lockalloy at elevated temperatures or 
when performing .-■latively simple machining operations, using only portable vacuum 
equipment to collect toxic beryllium particles . 

Fin tooling design and fabrication were completed on schedule in June and 
July of 1975 , except for rework required by the aforementioned design changes to 
provide for the additional skin splice necessitated by the 40-inch length limitation 
on Lockalloy sheet material. This included tooling required to fabricate the titanium 
substructure details and the Lockalloy surface panels, as well as that required for 
final assembly of the fin. 

Assembly of the fin substructure was initieted on 26 June 1975 » approximately 
one week ahead of schedule. By mid-August, assembly had been completed except for 
drilling of holes needed to attach the Lockalloy surface panels. This final fabri- 
cation process could not be completed until all Lockalloy panels were available. 

The machined and drilled panels were needed to transfer attachment holes to the 


substructure . 

Final maehiMing and forming of the 32 Lockalloy surface panels and the extruded 
Lockalloy loading and trailing edge members wore completed by 23 September 19/'5« 
Final assembly of the ventral fin was completed l4 Ojtobcr lyY!^* Tnc completed iiti 
assembly was i nstnunciited, installed in a test fixture, and subjected to a scries -A 
proot’-iuad t.iisis b< g,i lining on 1!) October 1975. These bests were ,,.,p j on 



so Or!i.obor. Modil‘i.:al,lon of l.he titanium aubstrurture near the rear beam support 
was Indicated in the course of the tests and was eoraylcted in the next few days. 

The ventral fin assembly was delivered to the NASA Flight Research Center on 

28 October 197'^* 

2.2.2 Task II - Lockalloy. Material Characterization Stu^ - The Be-38A1 Lockalloy 
material needed to carry out the material characterization studies was ordered 
22 April 1975^-along-with that needed for fabrication of the ventral fin (see 
Figure 2.1-2). Machining of all tension, notched tension, and bend specimens from 
an existing plate of .250-inch thick Be-U3A1 lockalloy (left over from a previously 
completed cost study of the X-24c airplane) was completed by the first week in June. 
Characterization tests of the Be-U3A1 material began in May and were completed the 

first week in August. 

An extensive literature search to compi'c existing data on Lockalloy products 
was conducted by the Lockheed Information Services Department in May 1975- Review 
of this data by Lockheed-ADP Engineering was completed by mid-July. 

To obtain preliminary thermal shock information on Ix)ckalloy, two samples of 
.095- inch thick Be-38A1 alloy sheet were tested in May 1975 • This material was 
obtained from Lockheed Missiles and Space Company, Inc without cost to NASA. 

First delivery of the Be-38A1 material required for the characterization study 
was received near the end of July 1975. This shipment consisted of the .250-inch 
thick plater material. Machining of test coupons from this material was accomplished 
by an outside vendor in accordance with Lockheed engineering drawings. Delivery of 
the test spechnens from the vendor wan made on 27 August. However, subsequent 
inspection of the 69 tension specimens just prior to testing revealed that they did 
not conform to dimc-nslonal tolerances; they were then returned t» the v ndor for 

rework. HeanwhiJ.., tedUng of some of the acceptable specimens mpieled in 

Septembr-r. The i’< worked teiisli.e specimens were ree.vi.ved on 20 O P.oIhm' , and uy i:'sd- 
Nuv..ii,b< r a.,: tes's bai 1 - "t; eoi,elud.<l . 
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Tv/q oi’ 1-he t-hryt^ ahccts of Iho ,J. 50 - inch Be-38Ai. material required ior the 
characterization study of this material were received from KBI on Y October 19/5* 

The sheets were sent out for niachinint; of test specimens about mid-October. The 
test specimens were delivered I 5 November and characterization tests began immediately 
thereafter. The third sheet of this material was. delivered after 1? December and 
test specimens were not available until January 1976. The characterization tests of 
this material (including shear panel tests) were completed in January. 

Shear panel tests involving two 22- inch square, .150-inch thick Be-38A1 panels 
were performed in two increments as shown in Figure 2.1-2. This was dictated by the 
fact that the panels were fabricated at different times. The first panel was fabri- 
cated from the scheduled 7 October shipment of Lcckalloy, while the second panel was 
fabricated from a special piece of Lockalloy material supplied by KBI later, specifi- 
cally for this test. The first panel was subjected to shear tests to provide data 
on Shear buckling allowables and ultimate shear strength. The second panel was 
subjected to a localized lOOO'^F thermal shock test. After the thermal shock test 
the panel was tested in the shear jig to provide direct comparison of the capability 
of a severely heat-shocked specimen to carry shear as compared to a virgin panel 

representing a significant airplane part, 

Remnant tests were performed the first part of November 1975 • Remnants from 
each sheet of Lockalloy used for fin surface panels were tested to evaluate KBI 
certification data and thereby provide added assurance that each panel had acceptable 
mechanical properties. 


2 . 2.3 Task III - Reporting and Documenting - Appropriate emphasis was given to 
providing adequate documentatic^n for th(; YF-12 Lockalloy Ventral Fin Progiam. 

Num-^rous reports were prepared during the contract period, a documentary tiJm wa;. 
produced, and a final progreu:: review was held to pro''ide a fonim in wh.Lch the results 





program schedijle for this task, Figure 2.X-3, and discussed further in the following 
paragraphs . 

2 . 2 . 3.1 Monthly ProgresB-Reports - Six monthly progress reports providing a technical 
commentary on the preceding month's effort were prepared during the program. These 
reports were submitted during the period 1 June to 1 November 1975 • 

2.2. 3.2 Special Reports - In addition-to the monthly progress reports, special 
technical reports (items 2 thru 5, Figure 2.1-3) were generated during the course of 
the program. These reports provided advance information concerning certain tests or 
analyses performed in connection with Task I. The following special reports were 

public. •• '?dt 

Report Title Da^ 

Ccmiponent Tests for Lockalloy 24 June 1975 

Ventral 

Stress Analysis - Lockalloy Ventral 17 Jhly 1975 

Fin 

The above reports are provided in Volume II, Appendixes D and E, of this final 
report . 

2.2. 3. 3 Program Review - On 12, 13 and 14 January 1976 a program r6Vte«-was. held 
at Langley Research Center. This consisted of graphically illustrated oral pre- 
sentations and included a showing of the documentary film prepared as a contractural 
requirement. The presentation included a review of the program highlights as well 
as significant developments resulting from the first use of Lockalloy for a primary 
structural element of an airplane. 




Program Schedule, Task III 













Dociijiioni.'xry J*’! Ini ~ A I'.ouinl niol .lon ] ii lulil wri.n prrpavnfl In 

('odumont. profrram hi.",hiights. The TiJjji rune approximately 18 minutee and include!-; 
Lnckalloy production at KHI, material testinc, handling, aafety, ventral fin fabri- 
cation, {ground testing, instcai.lation on the aircraft, and recalibration and vibra- 
tion tests. The film was presented in conjunction v/ith the program review in Jan- 
uary 1976. 

2 . 2 . 3 .^ p-inal Report - This final report in two volumes, "7F-12 Lockalloy Ventral 
Fin ProgranL,...Final..Repox1i".,.._CVQLlume. I...r„.CR-llt*t971 and Volume II - CR- 144972, dated 
9 January 1976) was prepared to provide detailed- documentation of the program. The 
report covers eveiy significant aspect of the design and fabrication of the ventral 
fin; it also summarizes the results of the Lockalloy material characterization study 
and contains the substantiating data. 

2.3 liXKALLOY MATERIAL PROCUREMENT 

2.3.1 Initial Order ~ The initial order for Be-38A1 Lockalloy that was placed with 
KBI on 22 April 1975 provided sufficient material for ventral fin fabrication, ma- 
terial characterization studies, and for unforeseen contingencies. This order con- 
sisted of the following material: 

Fin Fabrication 
6 sheets .I50 x 25 x 50 inches 

4 sheets .125 x 25 x 50 inches 

2 sheets .125 x 28 x 50 inches 

1 extruded bar .6 x 4.25 x 67 inclies 
1 extruded bar ,606 x 3*75 x 67 inches 
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Mul-or. i .a]. tJha rac L»_'ivi /.gU on r Jt.'Kly 
P ;;li< < t;; . I '^0 x 2'j x '^0 in<;h< 

1 plaLe .250 X 21. x inches 

1 plate .250 X 21 x 24 inches 

Continsency Material 

2 sheets .150 x 25 x 50 inches 

2 sheets ,125 x 25 x 50 inches 

1 extruded bar .6 x 4.25 x 67 inches 


2.3.2 Lockalloy Production Problems - KBI agreed on a "best effort" basis 
to deliver the Lockalloy material during the period 15 June to I8 July 1975* This 
was based upon the fact that KBI had sufficient -36 mesh Be-38A1 powder on hand to 
complete the order; it also assumed that final production of the deliverable material 
would be accomplished without incident or interruption. Consequently, Lockheed- ADP 
based its 15 September I975 scheduled delivery of the ventral -^in assembly upon this 
qualified commitment. By the end of June 1975) it became apparent that KBI could not 
meet its scheduled deliveries and that non-availability of the Lockalloy sheet 
material would impact the delivery of the ventral fin to the NASA Flight Research 
Center. As a result, Lockheed“ADP developed a closer working relationship with KBI, 

KBI produces Lockalloy sheet or plate material by encasing an extruded preform 
in a steel envelope and hot-rolling it several times to obtain the required thickness. 
For this order, KBI elected to use an existing die to produce 1.125 x 8.125 inch 
rectangular extruded bars. To obtain maximum material utilization from this shape, 
the bars were cuu into preforms 35 to 38 inches long (considerably less than the 
50- inch l.ength of the sheet material ordered). Rolling operations were employed to 
produce sheets of the required dimensions and also improve transverse ductility In 
the process. Fol.lowing r'aeli rullin{^ operation, the Lockalloy was er. -as'-d in a i:ew 


steel envelope. In an effort to expedite this order, KB] {lubstituLed a diUcn.'Ut 
typo of steel for that normally used for these envelopes. The first Ijockalloy 
plate produced, however, was found to be cracked following the second roll Ing, and 
KBI thus reverted to the type of steel used previously for the rolling envelopes. 

The were to be subjected to three rolling operations opposite the 

direction of extrusion (widthwise), followed by a fourth rolling In the direction of 
extrusion (lengthwise) to obtain..the rfiiluifted , 150 - inch thickness and to bring the 
sheets out to the required 50 -inch lengths. The Lockalloy plates ..Ke re, to. be. encased 
in a new steel envelope foUowing the first and second rolling operations. The third 
fourth rollings were to be accomplished successively, without replacing the 
envelope. 

Having corrected the difficulties associated with the type of steel used for 
the rolling envelopes (as described previously), the first two rolling operations 
were successfully accomplished on several plates with no evidence of cracking. The 
combined third and fourth rolling operation, however, produced Lockalloy sheets with 

excessive edge cracking. Ta-correct this problem, it was decided that the steel 

envelope should be replaced following the third rolling (opposite the direction of 
extrusion), before attempting the fourth, lengthwise rolling. - - 

The third (Widthwise) rolling was accomplished on 10 Lockalloy plates without 
— cracking.. .-.The fourth (lengthwise) rolling using new envelopes was attempted for 
the first time on 11 July 1975. It proved to be unsuecessf\»] . The first two 
plates that were rolled to the required length were found to be extensively 
cracked. The amount of rolling was then reduced for the remaining eight plates. 

This diminished but did not eliminate the cracking. Some material from these plates 



was sa.l va{' cable . 
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KBI Imd ali'(;arly cui. all (ixi.'it.lng t;xlru(lr>fl rnatorlal into tlip shorter Jengths 
and also hfixl acveral iilatcn in prooess whlnh had been nubjectL-d to t.wo rolling 
operations. To make use of tliis material and avoid further delays in production, 
the troublesome lengthwise rolling operation was eliminated. Thcreaiter, all 
replacement material was rolled only in the widthwise..directlon. This res\ilt<'d in 
plates which Were approximately 25 inches wide and which were thicker and shorter 
than originally re^juired.. Proper sheet thicknesses were then obtained by grinding 
at KBI. To accommodate the shorter length sheet material, Lockheed- ADP revised the 
original fin design by adding one additional chordwise splice near the outer tip of 


the ventral fin. 

The revised design required a totaJ. of 32 individual surface panels, 12 more 
than on the original design. To facilitate Lockalloy production and make the require 
ments less stringent, Lcckheed-ADP supplied KBI with surface panel templates. KBI 
in turn provided sheet material of sufficient si?.e to allow panel fabrication, This 

eliminated the requirement for 5^“^*^^^ sheet material. In. addition, the following 

measures were adopted (with the concurrence of Lockheed-ADP and NASA) to further 
reduce risks : 

a. Rolling temperatures were increased from approximately 1000 F 
to approximately 1100°F. 

b. Steel envelop<=!S that formerly had been cut open by shearing were 


now removed by cutting with an acetylene torch. 

c. Additional clearances wore provided betwt.'on the Lockalloy and 
the steel envelope frame. 

d. Trimming of I/Ocku]J<3y edge:.; b(.’<,va.'en rolling ofviratiutis wt-i’t; 

now a'-eoinpl islv'd by nil.l linf' rather than :;awitif' to minimize 
t.he ! ity of i;;'ai;k;: d'>v-,! oping from tlie jagged ed(-;'';; 


f,rod'.iee(i by savri rir; . 


0 . 


KoIl.J.nr, npcodf. wnrc dorrcuHotl 
30 feet per minute. 

As a result of the above mcaauros, 


from 60 to <p feet per min.ito to 


the retfulred Lockalloy shoet/plato materia] 


was produced without further incident. Howe vcu:.»,.,ainee.. practically all of the existine 
-38 mesh BC- 38 AI powder had been used up previously, the time-consumlne process of 
mahing-moxe_powder and producing more extruded bars caused some delay in the final 
delivery of this material. 


2.4 LIAISON RECORD 

2.4.1 NASA Liaison - Liaison with NASA-during ..the program primarily involved personnel 
from the NASA-Flight Research Center, although program progress was monitored peri- 

odically_by NASA Langley. Research Center. 

A meeting involving representatives from NASA Flight Research Center and 
Lockheed-ADP was held at Lockheed-ADP the first week of May 1975- The purpose of 
the meeting was to determine reciuirements for flight instrumentation of the ventral 

fin. This meeting was attended by R Klein and 0. Matranga of NAS A,, and 

L. Cass,. J.: Meyer, and R. Murphy of Lockheed-ADP. 



J*_Phelps 
M. Tang... 

M.- Thompson 

On 6 NovembeK_1975,_J^_Watts and S. Klrkheffli from the NASA Langley Research 

center- icisited the Loclcheed-ADP -faclltty» They reviewed the -program..resiats._tQ 

date- and. \#sre.-brlefed-oil..the current status/results of the material characterisation 
atnd y. 

On 1 December 1975* following installation of the ventral fin on the YF-12 air- 
plane j » mppt.ftig n?* Key prograiii representatives from both NASA and LocKheed-ADP was 
held at NASA Flight Research Center, The purpose of the meeting was to present 
analytical and tost data to verify the structural integrity of the current ventral 
fin design. The topics discussed included predicted and measured stress patterns, 
pred^cted lna/:ls based on v^ind tunnel data, and result;; of. flutter analys<:s and 
eai ibration test;;. 
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In flfifHt.inn , ft Hyn npfilG of Lookheocl-ADP* experience and findinRC pursuant 
to the development of Lockalloy technoloRy wdB..preSented, 


Attendees included^ 
NASA Pi;r;;onne]. 

Lockheed-ADP Personnel. 

W. Albrecht 

L,. .Cass 

D., Berry 

H. Combs 

W,~Cazier-'. .. 

D. Ford 

M;' DeAngeli's 

W. -Fox.,-....... 

M,-DeGeer 

M." Mayesh 

G. Gillyard 

J. Meyer 

V. Norton 

R. Murphy 

J .-Jenkins 

R.-.SesB ing 

R. Klein 

C. Pumpter 

G. Metranga 


R. Meyer 


M. Peterson 


M. Thompson 



The final program meetings were held at the NASA Langley B£a£.W.P.h. .Center 
on 12- lU January I976 for purpeSes of conducting the program review (Paragraph 
2.2.3.3). - 

2,4.2 Vendor Liaison - Vendors associated with this program included KBI and various 
local machine shops. The latter were used to machine the Lockalloy components of the 
ventral fin eind prepare the Lockalloy test specimens needed for the material 
characterization study.- They were selected on a competitive bid basis from a 
number of machine shops that have beryllium machining facilities. These facilities 
are characterized by having the special eq^uipment needed to collect the dust and other 
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part i ci(;r. pn-duivd tl\u' iiw;; 
mac;hJ n.i.n/' woro I.. A, (tuuf'o 


l.lHi macliini I,/' Amour, 

Clompany, Ino,, l’otf'rson-i)ovu;r, 


i.hc v<''tKloi'.'; ior J/ookaU.oy 

Munuraotiirlnr. Crirnpany, and 


Waltou Knrincorinr, Company, 

'JVo lormal nioGtinr^* were hold with KBI rcpmscntativca durinr th<; prof^ram. 

The first was at Lockhecd-ADP on 22 April 197^>, the day followinii contraet award. 

KBI personnel attendinc the meeting included: J. Abeles, Chairman of the Board j 

R, Strock, Manager Beryllium Metal Sales, Long Beach,... Call ft.]., and. P, Smith, Sales 
Engineer, Long Beach. The meeting was also attended by B. Rich, H. Combs, R. Passon, 
and T. Haramls of Lockheed- ADP. Price negotiations for the Lockalloy material 
needed for the program Were concluded at the meeting. In addition, the Lockalloy 
delivery schedule was agreed upon and the KBI production facility was turned on by 
a phone call from Mr. Abeles. The need for film coverage of Lockalloy production (for 
inclusion in the ventral fin documentary film) was also discussed on a preliminary 
basis at this meeting, but no commitments were made. (KBI subsequently agreed to 
furnish the necessary film footage as part of their original quote.) 

The second meetings with KBI were held at their facility on 10, 11, and 12 
July 1975 . These meetings were called to discuss Lockalloy production problems and 
to allow T. .Haramis of Lockheed-ADP and R. Jackson of' NASA Langley Research Center 
to personally witness the critical fourth rolling operations (see Paragraph 2.3.2). 
KBI personnel present included: J. Cinerazzo (Vice President and General Manager), 

W. Lidman (Program Manager), and D, Brillhard (Chief Metallurgist, -R & D), and 
D. Schoenly (Manager KBI, Hazelton, Penn, facility). At the final meeting on 
12 July, all present were briefed and were in accord with the previously outlined 


special measures that were to be adopted for the production of the remaining 
Lockalloy sheet material. 


ni'lOTION 3 


MATERIAL (JIIAl^AC'J’ERIZATXON STUDY 


3.1 INTRODUCTION 

This section contains the results of the Lockalloy material characterization 
study that was carried out concurrently with the design and fabrication of the 
ventral fin. This study was of special significance because-it-aot only served 
to validate the design of the fin, but was needad to expand the existing data 
base for Lockally sheet and plate as currently produced at the mill. It also 
afforded the opportunity to gain additional Lockalloy fabrication experience as a 
result of performing the various bend tests and preparing the numerous test speci- 
mens that were needed in the course of this study. The need for Lockalloy 
characterization data applicable to the design of the ventral fin became apparent 
early in the program as a result of an extensive literature search (see Paragraph 

3.2). 

The material characterization study consisted mainly of standard tests to 
determine the formability and mechanical properties of Lockalloy alloys of varying 
composition and thickness, In .addition, special tests were performed to: 

a. Evaluate lap shear joint strength 

b. Test the shear strength of a Lockalloy panel 
with and without localized thermal shock 

c. Verify the Lockalloy manufacturer's certification data 

d. Verify short transverse tensile strength data 

e. Evaluate the effect of repeated cold-foiming on 
the integrity of the material 

A summary of the data obtained in the course of the material characterization 
study is presented at the end of this section. 
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j.,- A!iai,y:;:i;: (M' kx:i::;t.ini! i-ockauxiy data 

A:' p'li’i <>r t-lio nnl.ofj 'I I olia i'hc (.(M'J /. nl.j on i'.tndy, .'in v< ; I .i ,:c.'i r 'li 

ln,'<!ii ci iniluol.iai liy t.lio IVn'klioni] Inroimalion S<!i'vioo;; PoparLmcnt to compilo oxlat- 
inp, dtila on I<ookall.oy prodnoi,';, porl.inoni, docaimonta obtained n:: a i'o;;ult of thi:'. 
iViii'vcy v/oro rovlovMid by Lookhoad - ADP Enginooring. None of* theao dociimentG pro- 
vided d.'it'i covering the thickncr.ccs of Loekalioy material reiiuired for this program. 
The vast majority of the pub], i shod data is for materials produced early in the de- 
velopment of this family of alloys and does not J.’eflect current material manufac- 
turing pixDcedures. Most of the data applies to material produced before the cur- 
rent 1 percent maximum limitation on Be-AL oxides was imposed. Sheet products were 
usually tested in the as- rolled or a partially annealed condition, rather than the 
fully annealed condition specified for the material in this program. Formability 
studies have been concerned with establishing minimum forming temperature, rather 
than determining minimum bend radii at a higher temperatui'e where forming and stress- 
relieving can bo accomplished in yne operation. 

This analysis of existing Lockalloy data thus disclosed the lack of practical 
data and corroborated the need for the material characterization study. A complete 
bibliography listing the publications that were reviewed for applicable Lockalloy 
data is presented in Appendix A. 




3.3 TKSTINri OF .P 50 INCH THICK Bo«43Al 

Charanterization tests were performed on test specimens prepared from ,2;>0-inch 
thick Be-ltSAl plate. These teats were primarily intended to provide baseline data 
concerning the forming characteristics of this alloy. The resultant data is needed 
to provide a basis for comparison with comparable data obtained as a result of 

similar testing of .250-lnch thick Be-38A1 plate. -The-formability testa perfonned 

consisted of tension, bend, and notched tension teats. Tensile coupons were pre- 
pared to determine strain parameters and evaluate forming characteristics at both 
room and elevated temperatures. Requirements for and effectiveness of intermediate 
stress- relieving cycles during room and elevated temperature forming were evaluated 
in the course of these tests. 

In addition to the above tests, lap shear Joint strength tests were performed 
to evaluate Joint strength at room and elevated temperatures for various fastener 
sizes. The specimens tested weie machined to . 15 O and .125-inch thicknesses to 
facilitate comparison with similar data obtained from testing Be-38A1 alloy of 
like thicknesses. A summary of all tests performed is presented in Table 3.3-1. 
These tests are described in succeeding paragraphs.- — - — — 
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3.3.1 Fanning Lih a racteriatica - Bc-I(3A1 ,2’jO Thlckneat; - In ordrr to oatablish 
forming characteristica , as well as effects of forming on Be-I|3A1 Loekalloy plate 
properties, tensile tests were conducted as summarized in Table 3.3-1. 

Table 3. 3. 1-1 shows the results of tensile coupons tested at various loading 
strain rates. Test strain rates were increased and decreased by an order of magni- 
tude from the standard tensile strain rate of ,005 in/in/min. The results indicate 
that decreasing the strain rate to .0005 in/in/min. did not have any effect on the 
elongation of the material .and, therefore, using excessively low forming rates is 
not expected to improve formability characteristics. Conversely, increasing the 
rate to .050 in/in/min. (10 times the normal rate) decreased the elongation from 
10% to 7%> which suggests that the material's tolerance to deformation is impaired 
at relatively high rates of forming. 

Tensile tests conducted at temperatures of 1050°F show a decrease in tensile 
strength to approximately 2 to 5 hsi and a corresponding increase of the elongation 
to 20%. The data is shown in Table 3. 3 .1-2. 

Test data of coupons tested after an initial R.T. stretching to 5% and 
stretching to 5% followed by stress relieving cycles are shown in Table 3. 3. 1-3. 

The yield stress of coupons with stretching of 5% without stress relieving 
is increased from ItO to ^6 ksi indicating the effects of work hardening. Coupons 
stress relieved for 1 hour at 1050°F after stretching to 5% show a decrease in 
ultimate and yield stress from the "as received" values. Repeating the stretching 
and stress relieving twice did not seem to have any further effects on the material 
strength. The total elongation does show some increase after repeated stretching 
and stress relieving, but falls short of that expected of a material that has had 


intermediate anneals. This docs sugrest that the stress relieving cycJc ns'"l 
(duration and/or temperature) may not r(’pr(-scnt an aicquate heat treatment. 


Test data of ecr.ip-ins : 


lot'.; F lnst<;Cd of rr:/:; 


si,i-';tehe(! 5% 


t' l ip'' r;i‘ ur' 
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with repeated- annealing and atress relieving oyclea i» presented In Table 3•3•l"*^• 
This data also shows a decrease in strength over the "as received condition, and 
lower than expected elon.; ;.tion* 

Test results of coupons stress relieved at 1050°F for one hour without 
prior straining are presented in Table 3. 3.1 "5, and it shows that exposure to 
this cycle has no effects on the material properties. 

From the results of these tests it can be concluded that additional 
effort Is required ta better define formabillty and determine appropriate annealing 
and heat treating cycles for this material. 





’ENSILE TEST RESULTS FOR .250 HTCH THICK Be-43A1 LOCKAILOY PLATE TESTED 
T ROOiY TEKP., ATO THREE DIFFERENT STRAUB RATES IN THE AS RECEI^TD CCND 




































'"ABLE 3.3,i-3. I^INSHE TEST RESULTS OF ,250 IKCH THICK Be-L3A1 LOCKALI 
AFTER STRETCHBfO AT ROOM TEI-’]FERATURS 



:KSILE test results of .250 IKCK TMICK Be-43A1 LCCXALLOY AFTER STRc-T' 
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^ 5^3 j 'i’oiiailc Tontfi - Tf!n.‘i.l-1<> W('rr> cojulucied Jwrfjordlnf' l.o a t.Hiidftrd AHTM 

Klll-6.1 praci+,i<ir:a. TnnalJ.e apoclraonfi of a pin jornlod, buti-inch I'mirUi confif^U'’ 

ration an ahown on paf'o iJ- i of tlu; Appf-iidJ.x v/ora inato..t.l.f?d in a 3^jjf)00 Xb* Baldv/in 
Mark B IJnivo'rnal Testing Machine. A mi(!roformer typo loud-atruin rt;coi'dcr uUlizinR 
a Baldwin Mbdel B3M, one-inch Race ].en«th ASTM Class B exionsomctcr war; urjod to pro- 
vide an automatic load-dcf lection curve for room temperature tensile tents. A 
typical set-up of the room temperature tensile test is shown in FIr. 3.3*1»1"1 ^d a 
close-up view of the extensometer attached to the specimen is shown in Figure 3.3.1.1-: 
For elevated temperature test a modified Baldwin Model PSH8 Extensometer, as 
shown in Fig. 3 _3. 1.1-3 was used for strain recordings. A 1500 F Marshall circulating 
air furnace, as shown in Fig. 3.3.1.1-1> equipped with a Marshall temperature controll< 
was used for all elevated tensile tests. A thermocouple attached to the specimen was 
used to monitor the actual temperature on the specimen as recorded on a Brown recorder 
Unless otherwise noted, specimens were loaded at a conBta’'t head travel rate 
that produced a strain of .005 inches per inch per minute. The faster ,05, or 


slower .005 inches per inch per minute rate tests were conducted at ten times or 
one-tenth of the standard rate, respectively. As noted, seme, of. the ve'^'y slow rate 
tests were speeded up after the yield point had been determined to save time. — iield 
and modulus values were determined- graphically from the autographic load-strain 

curves. An expanded-load— strain curve was used on many of the tests in an attempt — 

to more adequately define the straight line portion of a predominately non-linear 
load-strain curve. The intent was to provide more consistent data reduction from one 
technician to another. 


Fre- stretching of the tensile specimens was accomplished by loading the spcicimens 
in trcnslon and measuring head travel with a Baldwin Model ID-IM Dei lectom''ti‘r , Ihc 
deflection was j)redet<'rinlM(’d so as to- j>roduce a permanent S(rt ol aj)prex.ittud " ly per- 

• ! pr- -straini 


i ms 


cent as noted <ni the mitographic I oufl-def Lection eurv'-. 


proc' ij if' 


vmf! u.'.f'd 1.0 prf^oXudo U-Oy proinaXon ■ faiJurof; a1. (W,o utl.aolirnf'nX pojiitf: 

parti ('ularl.y dur.t.nfl r'n.ovatod tompr.-raturo 1,'2,'iti.b/'. Tlio f!p<;o.i,mc:ii way then unlon/lfd 
and th(; .'u.-ttiaX pormanont deforwatlnn wan determined by tnnanurinf!; l)etwoen very 
iij^htly noribod markn previourJ.y applied to a li^ht coatinj; of Xayf)ut dye, 

'llicyt! ineafiuromonta were made to an aeeuraey of ,0002 inch usinc a inioroseope with a 
traveling stage. 

The results of the tensile testing for the .25 thick Be-43 -Al alloy are pre- 
sented in Tables 3.3.1^1 ihroijigh..3»i*l-5» ■ 






ring method of attachment of the 
[8 elevated temperature extensome 
; specimen before test* 
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Bund Tcstu - Three rolni. - Bond tesir. worn (v.’Of)mpUshod at room tomporaturo 
and at 10 '>o”f i.o verify tho material manufaoturer*'fl' I’ccomiHondation of J.O t bend 
I'adius at room temperature and 6 t bend radius at elevated, temperatures. 

From an off-the-shelf Be-43A1 alloy plate having the dimensions of 21.0 x 
36,0 X .250 inches, a total of ten (lO) bend specimens of each of the geometries 
shown on pages B-8 and B-12 of the Appendix were machined by an out-of- plant, 
approved beryllium machining facility. For both the room temperature and elevated 
temperature bend specimens, five (5) specimens were obtained in both'the longitudinal 
directibri,-... hereafter designated as ”L" (parallel to extrusion direction) and in the 
transverse direction, hereafter designated as "T" (normal to extrusion direction). 

Room Temperature Bends 

The room temperature bend tests were accomplished in a power brake utilizing 
a female channel die 3.00 inches wide suid 2.5 inches deep having 1.0 inch thick legs 
rounded at the ends with a .50 inch radius. Male dies having radii of 3.75 inch and 
2,50 inch were used to produce bends at R/t*s of 15 and 10, respectively, A typical 
set-up in the power brake before and after bending is shown in Figure 3*3"1*2-1 
The maximum bend possible for this combination of male and female dies was approxi- 
mately 35° at an R/t of 15 . It was found necessary to use rubber back-up to hold 
the specimen firmly against the radius of the male die to prevent the specimen from 
diving ahead of the male die. 

1050°F Bend Testing 

Klevatcd temperature bend tests at 1050°F were accomplished by a bending fixture 
installed in a Harsliall oven between the platens of a Baldwin Universal. Testing 
Machine. A typical set-up is shown in Fig* 3. 3. 1*2-2. The bending fixture, shown 
in Fig. 3. 3. 1.2-3 consists of a female die, 2.12 Inches wide having varying span 
capabilities to accommodate 2,00 inch thick mole dies of various radii to cover a 
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(*<*w i-^lY 

raniv «'i' f -oorn 1| l.lrm lo. A ?/lar;;hali l.ciiip-ral.ur'- onl.m].:! cv iiia.! nl-iii ii' .i i.li-’ 

rurnat:o l.mipcruturc at lOSo'V + iu'l-’, but dui'in/- b-nd t.'fd-inr a'd.ua:i b. ivl r-i-- -.a- n 
beniporaturc war. mouitorrd by a thf^rmoccmpl e plar^cd on the bend Hpeei.men and ;«i out 
on a tempt.rature recorder , 

The rirst bend teat at lO^O^F wan accomplished at an R/t = G.O. For thia R/t, 
a male die of 1,50 inch radius was used vfith the .span of the female determined by the 
following expression: 

Span = Male Diameter + Twiee Specimen Thickness + .250 J.nches 
= 2 X 1.50 + 2 X .25 + .25 = 3.75 inches 

With the temperature stabilized at 1050°F, load was applied and the bend speciii.cn 
was moved to a pre^-determined deflection, as monitored by head travel, calculated to 
produce a permanent set bend of ±05 degrees. At thi.s point a visual check was made 
by removing a small cover in the oven door, and if necessary increasing deflection to 
obtain the desired bend. The cover v/as replaced and the temperature v.fas stabilized 
at 1050°F for each added increment of deflection. The initial rate of head travel 
was .Go in. /min. but bending at a slower rate of .OG in. /min. produced acceptable 
bends vfhercas failures occurred at the hii'hcr rate lor che san.e R/t, A bend i^. 
considered acceptable if when bent throuj'h a angle of 105 degrees (permanent set), 
no cracks or ruptures arc evident on the surlacc at lOX ir.a^'nif ication , 

The res\ilt.s of the room temperature and lObO F bend tesl.s lor the .2! l!u :i. 
Be_43Al alloy are shovm in Table 3*3. 1.2-1. Based on these tests, the approximate 
three degree bend recpiiiajd <jn tlic vetdu'al fin outer skin panel .s al. * h'‘ ^rosi'^ atiu 
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TABLE 3. 3. 1.2-1. LOCKALLOr Be-43A1 (lX-57) BEKD TEST KESUITS (t 



3. 3. 1.3 at reus Relloytos - The noooasity of stress relieving parts formed at room 
temperatui'e is illustrated by the sketches shown in Fig. 3. 3. 1.3-1 through 3. 3. 1.3-4, 

The initial traces of specimens 5BM5?2T . and 5BM-2L formed at room temperature 
are shown in Figure 3. 3. 3 . 3-1. The specimens were then placed into an oven and 
soaked for one hour at 600°F, removed, and allowed to cool to room temperature. 
Superimposing the specimens on the initial trace shows a change in shape as indica- 
ted by the dashed line. The change in shape is due to the residixal stresses induced 
during forming. 

The trace of another specimen, identified 5BM-4L, also formed at room tempera- 
ture is shown in Figure 3. 3. 1.3-2. This specimen was stress relieved for two hours 
at 1050^F while wei^ted down in matched Glasrock dies and allowed to cool, while 
wei^ted, to room temperature. Superimposing "^-he specimen over the initial trace 
showed no change in shape. The specimen was then soaked for one hour at 600°F and 
allowed to air cool to room temperature. Again, superimposing the specimen on the 
initial trace showed no change in shape had taken place indicating the residual 
stresses induced during forming were effectively stress relieved. 

The same procedure was followed for specimen number 5BM-5T, shown in Figure 
3. 3*1.3 -3 as for specimen 5BM-4L with the exception that the specimen was unloaded 
immediately from the matched Glasrock dies after , the 2 hour stress relief at lOJjO P 
and allowed to cool to room tenperatuxe by hanging in still air. Superimposing the 
specimen on the initial trace after the one hour bake at 600°F showed no change in 
shape, again indicating the stress relief cycle to be effective. This procedui’e 
shows promise of increased productivity for parts requiring cold forming operations. 

The traces for specimens 5UB-1X, 5UB-3T and 5I3B-3L formed at 1050°F are shown 
in Figure 3, 3. 1,3 -4. Soaking these specimens at 600°F for one hour, air cooling 
and then superinrnosing them over the initial trace shows no change in shape had 
taken place. Hot forming at 1050°F eliminates the necessity of any further stress 


relieving. 
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R/^ = 15 

RUBBER BACK-UP 


AS BENT 



R/t= 15 

RUBBER BACK-UP 



Figure 3, ^.1.3-1 Bend Specimens 
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R,T. BEND 


3i 




Pngf? 


5BM-5T 


R.T^BEfcJD 


2 HOURS AT 1050®F IN WEIGHTED- 

matchedl glasrogk dies.- unloaded 

IMMEDIATELY AND HUNG ON HOOK TO 
COOL IN AIR. NO CHANGE IN SHAPE. 

AFTER 1 HOUR BAKE AT 400°F. NO 
CHANGE IN SHAPE. 


Pigvire Bend Specimen 








3,3,].Jt Notch r.l 'r<' nnllo 'rc.'jtii - Tho notched LgohJIc .-ijKolmin.T ctjn l‘J !diov/n 
on pO{'o B-1.1 ol' the Appendix uro pin loaded and have the Htmif- Keomf-tri.; ernifip.nral.ion 
as tho smooth tonsile spcclmon with tho exception of the maohinod “ 3 notch. 

The specimens wor(> installed in a 30,000 lb. Baldwin Mark B Universal Testing 
Machine and-loaded at a constant rate to reach failure in not less than one minute 
or approximately 50,000 psi per minute maximum. Only ultimate notch tensile strength 
is reported for. these specimens. 

The results of the notchecUtensile tests for the .25- inch thick Be-43A1 alloy 
are pxresented in Table 3.3.1.4-1 along with the results of unnotched tensile tests to 
show the notched to unnotched ratio for the Be-43 A1 alloy. Identical tests per- 
formed on ,25 thick 7075-T6 bare aluminum alloy yielded average ratio values for 
triplicate specimens of 1,190 in the longitudinal direction and l.l42 in the trans- 
verse direction as compared to 1.036 and .994, respectively for the Be-43A1 alloy. 



TABLE 3. 3. 1.4-1. NOTCHED TO UNNOTCHED TENSILE TEST EESULTS POE 
.25 INCH THICK Be-43A1 LOCKALLOI PIATE TESTED AT ROOM TEMP. 
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i . Jtt p !ilii'' ii‘ .Tn;liit. - T» (i)'ov.i 'in ilc.'i.i.jinni*;.'. and p'n'ncniiin.l v/.i l.h 

ailvaiK’od pr< vl .l.mlnary Inrnmiai.i.on Citim v/li;i.n)i tin; nncennary I'aal.taior aj./r;;; 

and f.iian i n,";r. nominciK-ui'al.o v/i t,h the dinJi'n load:; could bo o:;talj linlir’d , lap .';!ir;ai' 

.ioJni. l.cnl.y woni pccI'oiTOod, Tim r.poc.iTnon:; conCornu’d l.o Mlb-fiTD-ilJ.’ (axcopi, [’f)r 
lorijith and riveted inr.te.ad oC jspotweJ.ded doubJer;;) .and were maeliiiied from ?i. 
liu;li LIdek Be- 1 | 3 A 1 alloy plate to the and ,150 inch thieknenMe.*! retjuired for 

the ventral fin akin gages. 

Due to the Limited amount of available materia]., only duplicate .specimen;; were 
fabricated to the configuration shown on page B-3 of the Appendix. Flush shear- 
head type 6 a1-1iV titanium bolt-s of .I 90 inch and .F 50 inch diameters were utilized 
in both the .125 inch and .150 inch thicknesses for the room temperature tests but 
only in the . I 50 incli thickness for tlio 600°F tests. Also tested at i-oom tempera- 
ture only, were duplicate specimens utilizing a self-aligning flush A -286 GRES nut 
and flush . I 9 O inch diameter 6 a1-4v titanium bolt. These fastener:; were used in 
the .125 inch thick skin attachment to the leading and ti’ailing edges of the ventral 
fin. A photo of typical lap-shear joints showing a . I 90 inch and .250 inch dia- 
meter flush titanium fastener in .150 inch Be-UjAl alloy is shov/n in Figure 
3. 3 . 2 - 1 . 

The lap-shear joint specimens were installed in a 30,000 lb. Baldwin Mark B 
Testing Machine and loaded at a constant rate to a value corresponding to tlie 
approximate yield dtd’ Lection specified in MIL-GTD-1312 for the pai’ticular fastener 
size being tested. At this defiectiem, the specimen wa:'. unloaded to near zero .loud 
to more accurately detcjiiune the tiuc pcimanent doL'ormation. The ;; [tocimen was ilieii 
rc-].uaded to I’ajlure. A Tiockliecd dc;;i;’;tied t-xtensometer compatible wiLb tlie Ha] dwiti 
x-y plotLer provided an autogia phic lo.i'l-dcfortii.ation euive for both room U-mper-ature 
and bOO^F testing, and j r; :;liown In Fig.ui-e 3 . i. A ty]vj •:•:!] .joint 1 ' I : e1,-np j 
.aliov/n Jn Fir.uJ’'’ 3.3..'-'.. and a l,.y!'jeal joint, load deroi'niatJ on .anv i. ..liown in 


I 



( 


Par/! \r-P9 

The lap-r.hear Joint toot i>cou3.to are tabulated in Table ^ photo- 

graph of all the failed opeeimena tooted of the Be-43A1 material are ohown in 
Figure 3. 3. 2-5. 

To conserve the limited amount of expenoive Lockalloy materi.'O., all end doublers 
used on the lap-shear joint specimens, in cither Be-43A1 or Bc- 3GA1 Lockalloy, wore 
321 corrosion resistant steel installed with squeezed A-286 rivets. 

Lap-shear Joint specimen u4jL5r2ji(faa.. deliberately marked with a torque set 
driver from the edge of the flush screw countersink across the specimen to the edge, 

normal to the applied load. The...specimen failed across the net- section of the 

specimen, however, the failure was in an area away from the marked surface. 



I 

I 
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Front Side 



Back Side 

Figure 3.'5.r’-l Typical Lap Shear Joint Specimens. 

Flush 1/4 in. dia. on left «5i Flush 3/i6'* 
in. dia. on rlf;ht. 
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3J1 TKSTINfJ OF .250 INCH THICK lie-3BAI PJATE 

CharactGrizaUon tests ol' ,250-ineh thick Be-3BA1 plate were p.-rformed to tost 
its forming characteristics and its mechanical properties. The formability tests 
performed consisted of tension, bend, and notched tension tests. The results of 
these tests are needed for comparison with similar tests performed in conjunction 
with .250-inch thick Be-43A1 plate and .150-inch thick Be-38A1 sheet. In addition, a 
series of tests was performed to determine the mechanical properties of the ,250- inch 
thick Be-38A1 material. These tests are summarized in Tables 3.4-1 and 3.4-2 and are 
described in succeeding paragraphs. 

3.4.1 Forming Characteristics - Be-38A1 .250 Thickness - The tests performed on 
.250 Be-38A1 Lockalloy in connection with formability are shown in Table 3.4-1. 

These tests are identical to the tests performed on Be-43A1 which are described 
and analyzed in Section 3.3*1 

The strain rate variations at R.T. and 1050°F have the same effects on Be-38A1 
as on Be-43Ai. In general, slower straining rates again improve formability, while 
higher rates of deformation decrease material formability. Data is presented in 
Table 3. 4. 1-1 and 3. 4. 1-2. 

Straining of the material tc 5<^ at room temperature shows the same effects of 
work hardening observed on the Be-43A1. Annealing at 1050°F for one hour, after 
stretching, seems to restore material properties. Repeating the stretching and 
stress relieving cycles shows effectively no change in the strength properties, 
with an approximate 70^ increase in the elongation. Test results are present, ed in 
Table 3.4.1 -3. 

Coupons strained to % at lO^o'^F do not exhibit the work hardeiiiti,; • f‘.'- ‘ s 
that the (.’oupons st.raineti at roc;', te::,ii'‘ruturc uxtiibit. Repeating th‘ ' i' ‘ ';;-;;tj'' SS 
rcj.itf cycles has a moderate- coften'nr T-cn, data shown in ;'al iC' 


I 


J : ... J 
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Stroflr: roJ icvini', (expoGum to 10'^o“p for one hour) wJ tliout prior Gtrotching )ian no 
effect on material properties, Table 3.4.1-[>. 

Although the stress relieving cycle of 1050^F for one hour seems to better 
approach a full annealing treatment for the Be»* 3 ^Al material, further work in this 
area will be useful in defining formability of Lockalloy. 

3 . 4. 1.1 Tensile Tests - The procedure used for testing the Be-38A1 material is the 
same as that employed for the Be-43A1 material. This is described in Section 3 . 3 . 1.1 
and is not repeated here. 

The results of the tensile tests for the .25 thick Be-38A1 alloy are presented 
in Tables 3.4. 1-1 through 3. 4. 1-6. 

3 . 4. 1.2 Bend Tests-Three Point - The procedure used for testing the Be-38A1 material 
is essentially identical to that used for the Be-43A1 material. Section 3*3*1»2 
describes this procedure so it is not repeated. 

A photograph of the bend specimens after testing are shown in Fig. 3. 4. 1.2-1 
and the results of the room temperature and 1050°F bend tests for the .25 thick 
Be-38A1 alloy are shown in Table 3 . 4. 1.2-1. Based on these tests, the remarks made 
for the Be-43A1 alloy axe also applicable here. However, at room temperature, the 
Be-38A1 alloy is slightly less workable, requiring an R/t = 20 as compared to R/t 
= 15 for the Be-43A1 alloy, 

3.I1.I.3 Stress Relieving - The remarks made in Section 3- 3- 1-3 apply equally to 


this section. 

3 . 4. 1.4 Notched Tensile Tests - The procedure used for testing the Be-38A1 material 
is essentially the same as that used for the Be-43A1 material. Section 3,3»1*4 
describes this procedure so it is not repeated. 

Hie results of the notched tensile tests for the ,25 inch thick Bf - 38 AI aJluy, 
both at r'>o:;. riipcrature at at and in b'.'.th th* : n.-vitu-Unal an I nransv rs* 

directi'.ns uj-f p,-<^s<;r:ted in I't.bie 3*4.i.4-i, bnnoV d t'.nslle fer tlie 


conditions and dirnctions arc also presented to show the notch'-d to ^innotclied ratio 
for the .2'^ inch thic-k Bc- 38A1 al-loy. The room tempt'raturc ratios of 1.012 in the 
longitudinal direction and I.006 in the transverse direction cromparc auite favorably 
to those obtained for 70Yt)-T6 aluminum alloy of I.I90 tind 1.142 for the same respeetj 
directions. At 600°F, the higher ratios of 1.399 and I.306 in the longitudinal and 
transverse directions respectively, indicates the material to be more tolerant of 


notches at elevated temperatures. 
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ITEM 

TEST 

SPECIMEN 

TYPE 

grain 

direction 

material 

CONDITION 

TEMP-®P 

NO. Of 
SPECIMENS 

SPECIMEN 

IDENT. 

— 







R.T. 

3 

5T-U, 21, -31 





1 


600 

3. 

itlla_:LSL-dSt 

> 

1 

TENSION 

S-12 

T 

AS RECEIVED - NO SOAK 

R.T. 

3 

5T-IT, -2T, -31 





600 

2 

ST-4I^-5T, -6T 

“ 



* 



R.T. 

3 

5T-7L, -81, -91 

• ^ 




L 

SOAK 100 HOURS AT 600 F 

600 

3 

5T-10L, -111. -121 





— 

AS RECEIVED - NO SOAK 

R.T. 

3 

5C-1L, -21, -31 






600 

3 



2 

COMFKESSION 

S-13 

L 


R.T. 

3 

5C-7L, -8L, -9L 






SOAK 100 HOURS AT tM T 

600 

3 

SC-10L, -m, -121 






AS RECEIVED - NO SOAK 

RbT. 

3 

6BI.5-IT, -2T, -3T 




S-35 

OR 

S-36 

ST 

600 

3 

681.$-7T, -8L -9T 


3 

SHEAt 


R.T. 

3 

6BI.S-4T, -ST, -6T 





SOAK 100 hours AT 600 F 

600 

3 

681.5-IOT, -III. -12T 







R.T. 

3 

682- IT, -21, -3T 






AS RECEIVED - NO SOAK 

600 

3 

682.42 . -ST. -6T 


4 

b/D 2.0 

S-35 

I 


i.T. 

3 

682-7T, -8T, -9T 

■' 




SOAK 100 HOURS AT 600 F 

600 

3 

6B2-10T, -IIT, -I2T 







R.T, 

3 

6R1.^1T, -2i, -3i 

-■ ■ ■ 


BEARiNG 



AS RECEIVED - NO SOAK 

600 

3 

681.5-4T, -STj -6T 


5 

S-36 

T 


ft T 

3 

681*5-^f "Blii “9T 

*; 


b/D ~ 1 .6 



SOAK 100 HOURS AT 600 P 

600 

3 

681.5-IOT, -llT, -I2T 

* 






R.T. 

3 






1 

AS RECEIVED - NO SOAK 

600 

3 

6FT-41, -5L, -61 



fracture 



”rr 

3 

6Fi-i 1/ 

I- 


TOUGHNESS 

S-48 

T 


600 

3 

6FT*4T, -5T, -6T 

2 

6 

AND 

CRACK GROWTH 

L 

SOAK 100 HOURS AT 60O°F 

R.T. 

600 

3 

3 

6FT-71, “fti, *9L 
6FT-10La -lit, -12L 



rate 



R.T. 

3 

6FT-7I, -8T, -9t 

. r 



T 


600 

3 

6FT-I0T, -m, -I2T 







R.T, 

3 

6UF-1L, -2L, -3L 



fatigue 

S-29 


AS RECEIVED - NO SOAK 

600 

3 

6UF-41, -5L -6L 

* 

7 

1 


R.T. 

3 

6UF-71/ -3L, -91 

fj 


s-‘ 



SOAK 100 HOURS AT 600 F 

600 

3 

6UF-10L. -III. -I2L 

■ 






R.T. 

3 

6NF-1L, -2L, -3L 

* 


fatigue 

$-51 


AS RECEIVED - NO SOAK 

600 

3 

6NF-4L. -5L. -6L 

' ” 

6 

L 


R.T. 

3 

6NF-7L, -Bl, -9L 

-/• 


K, 3 



SOAK 100 HOURS AT BOO^F 

600 

3 

6NF-lOL.jdll,.-i2I,.. 

* 





AS RECEIVED - NO SOAK 

R.T. 

3 

65C-IT, -2T, -3T 






bare ♦ 3 1/2% NoCI 

600 

3 

6SC-4T, -ST, -6T 



STRESS 

$-47 


AS RECEIVED - NO SOAK 

R.T. 

3 

6SC-7T, -«T, -9T 

- 

9 

CORROSION 


ALOOINE COAT * 3 1/2% No< 

:i 600 

3 

6SC-IOT, -IIT, -12T 

- 




AS RECEIVED- NO SOAK 

R.T. 

3 

6SC-I3T, -UT, -151 






PAINT *■ 3 1/2% NoCI 

600 

3 

6SC-I6T. -ITT. -I8T 





L 


600 

3 

6CR-1L. -2L. -3L 


ID 

CREEP 

S-7 

T 

■ AS RECEIVED - NO SOAK 

3 

6CR-2T, -2T, -3T 






AS RECEIVED - NO SOAK 

R.T. 

4 

6PR-2L,-4l,-SL,-6l 



POISSON'S 

RATIO 

S-7 


600 

2 

6PR-1L,-3L 

— 

n 

1 

_ 

RiTi 

3 

6PR-loi,-lil,-12l 





SOAK 100 HOURS AT 600 F 

600 

3 

6PR-7l,-8l,-9l 

• “ 


notched 

TENSION 

S-49 




3 

5N1-4L, -5L, -61 


12 

T 


- 

3 

oNl-4Ti -STj *6T 


NOTE: flRST DIGIT OF SFECWEN IDENTIFICATION INDICATES THE FOUOWING 


5 SHEET NO. HC 161-3 

6 - SHEET NO, HC 160-1 


TABLE 3.*+-2. 


TEST SUI-IMAR'' FOR *250 TNCH THICK Bc- 3BAJ LOCKAJ.LOY HlATK, I’ART II 







RESULTS CF .250 INCH THICK Be-38Al LOCKALLOY 
105 c F AT DIFFERENT STRAIN RATES 






























:^,LE TSKSIIE TEST RESULTS OF .250 INCH THiCK 3e-3c.\l LCCKALLCY 

AFTER STRETCHIIII AT ROOM TEMPERATURE 



'^fnTTrTi}irrrT7?!7i?7rr 



EKSILE TEST RESULTS OF -250 INCH THIC Be-38A1 LOCKALLOY AFTER STRETCHING AT lOpO^F 




ECSILE TEST RESULTS FOR .250 IHCH THICK Ba-38Al LCCKALLOY gLATE AT RCC 
EIFERATURE, WITH AlID WITHOUT EXPOSURE FOR 100 HOURS AT 600 F ; AIT 
. HR i 1050*F 
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Figure 3 • 4. 1.2-1 Photograph of Be-38A1 .250 Inch 

Thick Bend Specimens After Testing 


SEND RATES AT TEMP. APPROX. .06 INCHES/MINUTE 
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. 4 , Mechanical. Properties 

3. 4. 2.1 Compression Testa - Compressive tests v/ere conduetecl according to standard 
ASTM E9-70 practices. Compressive tr3st specimens of the configuration shown on 
Page B-4 of the Appendix were installed in a Lockheed designed compressive 
fixture between the platens of a 30>000 lb. Baldwin Mark B Universal Testing 
Meichine. A photograph of the general set-up is shown in Fig. 3. 4. 2. 1-1 v/hich was used 
for both room and elevated temperature testing. 

The Lockheed designed compressive fixture features full support along the 
length of the- specimen to Inhibit buckling when thin sheet is being tested. A 
close-up view of the specimen installed in the fixture is shown in Fig. 3.4.2. 1-2. 

The fixture incorporates an internal extensometer that is compatible with the 
Baldwin recorder. Strain is recorded over a two inch gage length which is centered 
cn the specimen. 

The specimens were loaded at a constant head travel rate that produced a strain 
of .005 inch per inch per minute through approximately .020 inch strain on an auto- 
graphic load-strain curve. A graphical determination was then made to obtain the 
compressive modulus, compressive yield at .2 percent off-set, .70* secant and ,85 
secant moduli!. The Ramberg- Osgood shape parameter, n, is then calculated and 
reported in the data. 

The compressive test results for the .25 inch thick Be-38Al alloy at room 
temperature and 600°F, v/ith and without soak for 100 hours at 600°F in the longitudinal 
direction are presented in Table 3. 4, 2. 1-1. 


Soai'.ing for 100 hours at 600°F appears to have an insignificant el’i'ee-t on ih' 
as reeeiv'd. p:op'’rtJ.'’S at eitii'..r i-oom or eJevated temperature. 





LONGITUDINAL DIRECTION 
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iVlRO 'i- 

I'M ul.y; i :;o Hluaf 'L'c;;l.,'i - 'I'Jin inii'iiii ul.j.l .i •/< <1 J’oi' l.lio !iln*fl. .'jli'-'i.r iiI.r-'iicM-li 
(;V''U,ual.I oil!.: v/rrc javyi cm.'Jly uiu.'d to dotcrtniti'; iihoct b' urinii r.trr n/'th . Tlv,’ ;ihi ur 
punc’h in applinrl to the eenter of the npecirnen between the hi’arine; hoie and l',hf> Irifvi 
app].i(;ation hole in tlic opponiio end of t)ie ap'Mrimen. A tentr-d npeehnen of thin 
type? Is shown in PIg. 3. ^.2. 2-1. 

The flatwise sheet shear strength at both room temperature and 600^V was 
determined using a Lockheed designed punch and die subpress. The subpress has a 
.500 inch diameter punch and die, and uses a clamp plate to keep the material flat 
on the die plate during testing. A photograph of the subpress with a bearing coupon 
installed ready for testing is shown in Fig. 3. 4. 2. 2-2. 

The subpress is installed between the platens of the 30,000 Ib.Baldv/in Mark B 
Universal Testing Machine, as shown in 3. 4. 2. 2-3. Shear ultimate strength was 
determined by applying load ; o the punch of the shear fixture at a constant rate not 
exceeding 5 >000 pounds per minute until a load drop off occurred as indicated by the 
dial pointer. 

The ultimate shear stress is determined by dividing the maximum load indicated 
on the test machine dial by the product of the sheet thickness times the clrcumferen< 
of the .500 inch diameter punch. 

The flatwise sheet shear test results for .o4o thick bearing specimens machined 
from .250 inch thick Be-38A1 alloy plate are presented in Table 3*4*2*2rfl. at room 
temperature and at 600*^?, with and without exposure to 600°P for 100 hours. 










PUHO 3-^iY 


Boarji ij; - Hearinj' BeaL.'! were; condiK^I-ati a1, ilir; Uyn Can.y ai l.fjal, raai ljl.y 

of Locklif-'ed. Tor:L pi-occduroa Uf.ed conformed to tlit? froncra], r(?quirr:)nentr: of ABTM 
E?i38-68. 

Bearing specimens of the configuration sliown on pages B-G and B-7 of the 
Appendix for an e/D -= 2.0 and 1.5, respectively, were machined to an .040 inch 
thickness from a ,250 inch thick Be-3BA1 alloy plate. Bearing tests were conducted 
in a 60,000 lb. Baldwin Static Test Machine using a 600 pound full scale. load range 
for m.'iximum sensitivity. An overall set-up of the bearing test system is shown in 
Figure 3.4-1. A close-up view of the bearing deformation measurement system is shown 
in Figure 3.4-2 where the deflectometer measurement arm rests on the specimen above 
the bearing pin. A check of the loading system deflection at loads to 700 lb. showed 
it to be negligible . 

Deflectometer measurements were made using a 4 . -ch deflectometer patterned 
after the O.S. Peters Co. PDI M-111 model deflectometer. (Reference Figure 3.4-2). 

A .scale factor of .005 inch per inch of chart paper was found to be adequate, 
Autographic load \ersus deflection curves were continuously recorded during the test 
on the Baldwin x-y plotter. 

Elevated tcmperatui’e tests were conducted by adding a resistance furnace with a 
thcnnal conti’o], l.cr to the test system. The furnace enclosed the specimen and test 
fixtures. Tcmpei-.aturc was mo-iitorcMl by u thermocouple attached to the a|x;cimen. A 
temperatui’e r. Lat'ili/. ation time of ],> m.inutes v;as allowed after sj^xjcimen I'cachcd 
600 t prior to testing. Bearin,"; yield and uJ.timale v.'et'c iU i.eJTuned using the 
standard i)rt:>c'Miurcs in ACTM E23'3-()f*>' . 


* '';,'.t'itid-ir'l M iti.'j 1 f'er li n-'iy p'.‘ (‘.g Te:;t (''■ M'-taL!,!, : M-i ti-rl". 1 " AfiTg E . 

\'J .’ 'j Aimu'i! '.■‘•‘■■'r ')f ACTM Ct-m'i-i r.lc . f •i.rt ! . 


P?U/.o 3.58 


Till' r. 'j-.n.! nl’ l.hii bi\'i l■’nI,■'; l.ri'.l;' <>r l.lu’ .O^lO iin^li Ixiariii;' . 

iiiMi'liln.Mi Cn.irt a ,.'*>0 .itidi l.hli'k Ro- U’.Al 'lUoy ii1.aU>, .in tlia l.r: 

ill fi'i’l.ion al- room l.ainpt-'vaLin'a aiul 6OO F, v/;U'.li ami wil.lioiil- <'X))0!’,ni'i; fo 
1000 iKuii'!; aro pi'0;;ont.otl ,i.n TabJ n 3 . • ' 5 - 1 * 
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Fracture Tovir.hncss Test - Fructxirc touf'line.'Ui tcat.'i at, l,hr 

Lockhood Rye Canyon Facility uuinjj; duplicate compact tenaion ;:p< cimon;: ol t)if 
configuration shown on page B-J.O of the Appendix according tf' the requireinenta oj 
ASTM E 399 - 72 . The specimens were prccracked by fati(PK; cycling in a closed loop 
Electrohydraulic MTS Test Machine in room temperature laboratory air at a rang/' ratio 

= _il2l[ ) of 0.1. Crack length measurements were made of both sides of the.* 

^MAX 

specimen using diametrically opposite traversing tool maker's microscopes accurate to 
.001 inch. A typical set-up for room temperature testing is shown in Figure 3.4.2.ii-l, 
A close-up view of the compact tension specimen installed in the grips with the tool 
maker's microscope is shown in Figure 3. 4. 2. 4-2. The precrack loads were selected 
in accoixiance with the requirements of ASTM E399“72 . Final precrack length was 
approximately 0.5 inch. 

Room temperature fracture tests v/ere conducted in accordance with ASTM K399-Y2. 
Fracture tests at 600°F were conducted by attaching a thermocouple to the specimen; 
installing it in the MTS Closed Loop Electrohydraulic Test Machine, and lowering a 
resistance furnace which enclosed the specimen and grips. Specimen temperature 
was stabilized at 600° + 3°F for 15 minutes prior to test. Temperature control was 
maintained by use of an automatic thermal control with continuous monitoring on a 
Brovm Recorder. The test we.s then conducted as per ASTM E399-72 v/ith the cx-eption 
that the erosshead motion was recorded rather than crack opeii'.ng displacerr/'nt (COD; 


since no 600 °F compliance gage was available. All analyst's wer*-^ tlien 


eoiid’i 




per E399-72. 

In all cases the ratio of v'as found to be ;;reat' r than ln<, a 

limit of 1.1. This implies that i,h<’ failures wer'.' r.ot valid pla;y strain 1 ra -turus , 
ar'.d that sustanl.ial t iastic fievf at the ei'a:.''; „-'u> ;i ;c'.. o.( v'' L' . 


f?-a:t\ire for this thickness ani spcciiiuni sivn . Ac a i-' .v;.t, t!V u,:;.;; r - i 


■ 


are not inlicativ' cl' pialti strain lla'tuj’' a:.u 


iVif'c 



Fir,- 


Typical Over-all Oetup for Fractal 
Tou-’line.-;' Tert Ar)-air,oii'.cnt 




r 
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aJnoe the raUurefi otvnirreri prJmaj’lly due? Lf) n<'t fieetinn y.i('ld in i.lir; r;p(>e jinfin. 

ThuSj the onset of yin]dinp, fujlure 1 inits the capacH.y of 1,)ic spceJtneri (;onl'J 7 ^irutlon 
to hold load, thus puttinc an apparent upper limit on the K the specimen is valid for. 

For such test results, a relative measure of the crack resistance of the 
material can be computed as per ASTM E399-72. This term called the residual strenGth 
parameter, Rse> defined by the equation; 


RSc = gFmui (g" ♦ 
B(w-a)^ Fjy 


where, = Maximum Tension Load at Failure ss lb. 

w « Specimen Width « (1.00 inch) 
a = Crack Length (.500 inch) 

B = Specimen Thickness - inch. 

- Material yield Stress - fSI 

A relative fracture value which is a ratio of the net section stress in 
the specimen at failure to the material yield stress is thus provided. 

The computed values for are presented in Table 3.4.2.H-1 for room 
temperature results and in Table 3. 4. 2. 4-2 for tests at 600°F. The measured overall 
average value at room temperature of 1.3'94 for Lockalloy would indicate substantial 
crack tolerance. To provide a relative comparison tc more common materials, 
samples of 2024-T3 ai.uminum alloy of identical size and thickness were fabricated 
and tested, the results are presented in Tab!o 3.)*. 2. '5-1. Th'' average r^-sidual 
strength paraiTi'^ter rf ; . 3 ’c' f'U' alumitum. alloy is esG<-ntiiiiiy equival--j.t t-..- the J.i'yu 


value for Lojkalleyj = t,! e-at : n,: ‘omearabl < e,-a -V tolerate. 

thi :kr.' .-.s . 


ill id,-- .2;; 


tl i Ut 


Page 


' To provide a relative oompariRon of He-3BA1 Locktilloy extruded material to 
sheet and plate material, dupliqate specimene of extruded riiaterial (used in ventral 
fin trailing edge), identical in size and thickness, were machined, in both the ’’L’’ 
and "T" directions, and tested. The results are presented in Table 3 . U, 2.4-1. 

The average value of R = 1.820 for the extruded material in the longitudinal 
direction indicates a much better crack, tolerance than sheet or plate material. 
However, the one R value of .897 (although invalid per ASTM E399-72) obtained in 
the transverse direction implies the material may have poorer fracture toughness 


than exhibited by sheet or plate. 












3 [) KidJLj ?v/.y.L.:Ji:;;.WL 

at tho Lockheed kye* (laiiyi-n kuei U Ly 
fiyecinien of the conf l(iiu-at j oji ;;hown 
requirements of ALTM Ki'y';-Y2. 


- l''a(.Jj;ue 
usJn/' out? 
on I’uec 


(h'uck l'riit)U('ut > on \i< r<- ooniiue i.ed 

(J ) LliJck eomjiaet (,< iir. Lui 

H-10 of the Appendix aee<>rdin/' to t)ie 


Ail •■pec.lnicns were tenl.ful in n .100,000 ] b. electro-hydraul ie MTO (^icisc.’d ,l 0 (jp 
test machine in iahoi'utory air, at I< - 0.1, and. at a frociuency of ^.'0 Hsi, An over- 
all-arrangement of the test .setup for elevated temperature testing' is shown in 
Figure 3. 4.2. 5-1, The same arrangement is used for room temperature te.stc with the 
exception that the furnace is raised up out of the way. Tests we. . ccuiductcd under 
constant load cycling conditions with the first 0.020 inch of crack growth eliminated 
from the analysis to avoid effects of the machined starter notch. '^Crack lengtlj 
measurements were made of both sides of the specimen using diametrically oppo.-'itc 
travei'sing tool marker's microscopes accurate to 0.001 inch. 

Elev'ated temperature tests wore conducted by lowering a resi.stance furnace 
enclosing the test specimen. Temperature was controlied by a thermal contiollej- 
using a tliermocouple attached to the test specimen. Optical crack length measure- 
ments were again made tlirough nuartx view ports on both sides of the furnace. A 
close-up photograph of the setup is shown in Figure 3, 4. 2. 5-2. 

Data reduction was accomplished using the incremental slope metliod wlicre: 


— = As = + 1 “ ^i 

dN ~ an - N. ^ 


A Lcjckhced developed computer pi-ogp-am. "Compa Tension T’rc.urram", was useti U, re- 
duce the data, provide a computer tabulation oJ' the data as p}-escnt,ed in Tai ,;.ec 
3.4.2,5“1 through 3. 4. 2. 5-7, and print a grapliical prr,scntation of 1,'v' da/dlf v'rs\i£ 
Log AK (noted us DRIjK on plot) as j,r'‘sente.i ,i n Figui-ec 1 a 1 hrr ugi.- -il 

Tlie altcrnat.ing stre.-s iritensjt;v factoi', AK K,,_ >L,, was l-d.^niiiic- i 

M.\a 7'*.I ii 

using the expression* for t.!i<; eom, 



I 

/ 


Pago 




AP 

I 

HW-’ 


w 


}t f ' » f ■ / 

- I i ~ 

W W 


101 y.o 


... V/ 


I 0 “ 

w 


■, ''/■ 
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To provide a basis of comparison between the fatigue crack growth data for 
Lockalloy and other structural materials, fatigue crack propagation data lor Ti- 
6A1 -*iV, 7075 and P02U aluminiun alloys were taken from tlie D.'ijnage Tolerance Handbook 
for range ratios of 0 to .1, room tempei’uture in laboratory air, and fretiuencies of 
from 2 to 20 Ik. The data is presented in terms of noniialized alternating stre.ss 
intensity obtained by dividing the stress intensity by the material density. This 
provides a parameter which .allows u comparison of the i-esults for stiaictui’a! condi- 
tions involving a common crack size and operating structural efficiency (strength 
divided by density) . 

Vfhen the results of the current Lockalloy tests -are compared on this barl.: as 
shown in Figure 3.4.2.5-h, the crack growth rates are shown to L-c slower or equi- 
valent to those obtainable from either tlie aluminum or the titanium materials. 

For example; For an assumed through crack size 0.2 inch long with center of 
a wide panel operating at a structural efficiency (strength to density ratio) of 
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inches per cycle as compared to a typical growth rate in titanium or aluminum of 
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TABLE 3. U. 2. 5-7 FATIGUE CRACK GROWTH RATE MTA CF SISCDplN 6FT- 
600°F AFTER 100 !IGUR SOAK AT 600^, TRANSVERSE* 


dh/dn.ffitigue: crrek 



Figure 


FAlIf»JIK TRACK GROWTH RATK OF SI^ICTT'^}'’N GFT 

Room TEMH=;RATiJfy-: - r;o goak, t.ongitudiimi,. 


RT, AT 







DFi/D^f,^■RTIEUE CRPCIC GROWTH RRTE , 1 N. /CYCLE 


I 

1 



( 





CEL< E~^bi;5 I \TEN£ I “v . <5 : vl\ . 

FIGURE 3 . 4. P.5-9 FATIGUE CRACK GROWTH RATE OF SH-JCBEN 6FT»5T AT 

600°F - NO SOAK, TRANSVERSE. 
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3Ju 2.6 PatlgUL* Ktidurunco Tr;r.tr> - Katif^if ('jKhavuioo Limit teats v/uru conducted 
at the lK>ekhf?od Rye Cunypn Teat Facility. 

Fatigue teats were conducted in a 10,000 lb, Lockheed designed constant 
ajiiplitude resonant fatigue machine as shown in Fig. 3. ^.2. 6-1 at frequencies of 
from l800 to 2300 C£M. Bot h-K^ « 1 and Kj = 3 fatigue specimens of the configuration 
shown on pages B-5 and B-13 of the Appendix were tested in the longitudinal 
direction at room temperature and 600°F, with and without exposure to 6oo°F for 

100 hours. A close-up photograph of an installed specimen ready for testing at room 

temperature is sho wn -d, t;-F ig....3 .4.2 .6-2. Load cell size was selected based o n ~ the 
maximum load of the tests to assure maximum load accuracy during the tests. All 
tests were conducted at a range ratio, R = 0.1 vintil failure or until 10*^ cycles 
were reached at which time the test was terminated. Cycle count was monitored by 
measuring the test frequency of the loading beam with a Frahm Tachometer and 
multiplying the cycles per minute by the test time as recorded on a real time 
totalizer (accurate to 0.1 minute) attached to the test machine. Loads were 
monitored by an electronic digital fatigue load monitor attached to the load cell 
locate in line with the test specimens. The instrumentation control panel for 
monitoring four resonant fatigue machines simultaneously is shown in Fig. 3^4. 2. 6-3, 

Elevated. temperature control was maintained by use of radiant heat furnaces 

placed around the specimen and grips of the machine as shown in Fig. 3. 4. 2. 6-4... -- 

Specimens were -heated to 600 F and stabilized for 15 minutes prior to testing. A 
thermocouple attached to the specimen and a thermal temperature control maintained 
the temperature at 600 + 3 F during the test, A record of temperature was made on 
a 12 chaiinel Brown recorder. 

The c?ndurance limit test results lor — 1 specimens are presented in Tabic 
3, 4. 2, 6-1 and the Krp - 3 spe’.iinc?na are presented in Table 3,4.2.L-2. Eased on these 
results thf? endurance limit foi* K/p ^ 1 epee i. metis at r'^om , vilth 


without oxpoaurc to r>Oo‘’V for JOO hours is 30 Kf5I and at f>6o^V, with v:r without 
exposure to ()00 1' lor 100 hours, is 1^ K2I. For Itp 3 ypo'ciin«ns the endurance 
J.imits lor room temperature and 600*^P, with or without exposure to for 1.00 

hours arc KSI and 10 KSI, respectively. 
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3 .li.2,7 StroK!: Co rror..loti T<-r.ta - Stn'n.s corror.ion teiiU were eondueied ali LIh’ 

Rye Canyon teat facility of Lockheed utilisinR the. Sutec Creep R\jpture Teat 
Machines, ahown .In Fifinre 3,*4.2.Y-1. 

Specimens of the configuration ahown on page B-9 of the Appendix were machined 
from the .Pfio ine h thick Be-38A1 alloy plate in the transverse direction. Triplicate 
specimens for both room and 6OO F testing were coated with 3«5 percent salt solution 
and allowed to dry, over each of the following coatings. 


1) As received- — 

2) Chemical conversion coating_.XAlQdine. 1200) 

3) ADP developed high temperature aluminized paint 

The room temperature specimens were to be dead weight loaded in the Satec Creep 
Machines so as to produce a 35 KSI stress on the net section and for the 600 F tests 
utilize a stress level so as to not fail by creep before 100 hours of loading. 


Exposure times of 10, 50, and 100 hours were used prior to unloading and examining 
the specimens for evidence of cracking. 

For the elevated temperature tests, a thermocouple was attached to the specimen 
and a Satec Resistance Furnace placed over the specimen. Specimen temperature was 
stabilized at 600°F and the test load applied. Temperature was maintained at 600° 

+ 3°F throughout the test duration by a Barber Coleman Capacitrol #kT( Temperature 
Control. A continuous record of the temperature was made on a 2h channel Barber 
Coleman Recorder as shown in Figure 3»^*2.7~2. 

The stress corrosion teat results are presented in Tabic 3***«2.7*-l. Although 
none of the specimens failed by stress corrosion cracking, specimen numbers 0SC-2T, 
0SC-13T, and (jSC'-IUT failed during testing and so were submitted for deetron micro- 
scope fracto(;ra[)lii<; stvidies 


to drt( rmin<‘ cause of failure. 






































Tu i .1 ;; l,r<' ;; .'I-' ‘oi’j’f j1i ;wk i'Iiik i i;; ’Unl oti'- l.i'ii;: j .1 ' I.' ;;! 


were submil.t.r' 

<i foj’ c]( 

>(;l.)‘on 

m;i.'‘i'<»scop'' 

f i'ue l,o/;i'ajili.i.c ; 

sl.udJcs, ThosF: .".pecime 

v/ere maehi.nr (1 

from I/R!];ai.loy, He-3‘'Ai , 

n,2t ineh thicl 

k, ; 

sheet No. lie lUO-I. 

s.smpl(!s were 

ideiitifii 

d ai: 

shov/n be.I.ov/: 





'J'ype 

Tost 

Time to 



Apparent 

Specimen 

of 

Sin ss failure 



]/jcation of 

No. 

Test 

KSI 

lire . 

Co at i nr. 


Failure.’ Cririn 

USC-2T 

SCO 

43.7 

23.4 

Bare 

At 

a depression on the 






corner of the coupon 

6 sn- 13 T 

see 

43.7 

47.0 

Paint 

At 

center of coupon 

6sc-i4t 

sec 

43.7 

89.1 

Paint 

At 

center of coupon 

Tensile Specimen 


Ultimate 

Yield 


Elonr . 

3NAS 766-1-3T 

\ 


49.7 KSI 

33.2 KSI 

13 % 


I 


IVo-sta/'c plastic/carbon replicay v/ore mode of thu fraoturo orifjin ref^ions 
(Area 1) and of a pension away from the fracture oriijin (Area 2). Exajiiination of 
these replicas showed that all of the specimens exhibited a similar fracture pattern, 
i.e., the fracture features on the strens-eorrusion speeiinens were similar to those 
on the tensile coupon, 'llie fractures did not appeal’ to be chai’actef Istic for stress 
corrosion failures. Thus, it appeared that the faiiures in the submitted stress 
corrosion speciiiR iis caused by overload; or they possibly may have bi’en c’ausi d 

by creep mechanisms , in viev/ of the hiph aiipixi-d lotu.1 (greater tlian the yield stress) 
and the d'-laycd nature of thi' faiJurc . Eipures ,U .'<1 threnipli 3.4.2.Y-0 show lii" 

f ractof;;raplis . 








Patio 3-99/-100 



Ai’ca ;; 


Electron mici'occopo fracto; 3 rapli;j of Lfjck'illoy teat .'-.peci - 
men 6fjC-l4T which failed durinji a ;;tre.;;;-corro;;ion tc:;t. 
Ai'ca 1 v/ar. the fracture oi’i.fiin rc'^ion, and Area I’ vrar. riv/ay 
from tlie fivtcture ori'^in. Tlie iintc3-i.'i:i vm:' I,!;ekal].oy 
Bo-.i8';(,Al, O.PV" thick, r.heet HC 180-1. Mui. l-SOOX 


■ 76 - 5004-12 I^e 348 I 76-5004- 
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'J.Vo Iiockalj.oy apecjmcnr. (Bo«-3^^^T > 0 . 2 ^ Inch thick, sheet lie iCo-l) were sub- 
mitt '(I to the Rye Canyon Materials Iiaboratory for a af:v<!li day (168 hours) sal t spray 
test. These; speeimons had been previously exposed to str<!Ss-eorrosion tests v/ithout 
I’ailinf', These specimens were identified as shown below: 



Test 

Test 



Specimen 

Load 

Time 



Ifumber 

KSI 

Hrs. 

Coating 

Observations 

6SC-3T 

37.5 

114.3- 

Bare 

No failure 

6SC-5T 

43.7 

121.9 

Bare 

No failure 


The specimens were examined visually under a binocular microscope , at mag- 
nifications of 10 to 4o diameters prior to the salt spray exposure. The 6SC-3T 
specimen appeared to relatively clean and free of surface corrosion. However, 
specimen 6SC-5T showed a line of small pits along one side, in the reduced area, 
and there were a few scattered corrosion pits on the surfaces. 

The specimens wore placea in the salt spray chamber, and they were examined 
daily, except Saturday and Sunday. At the end of 4o hours exposure, both specimens 
shovfed a considerable amount of corrosion products on their surfaces. The samples 
were removed from the salt spray chamber and photographed (Figure 3 *4. 2. 7-7)* The 
specimens were then returned to the salt spray chamber for the remaining exposure 
time. At the end of the exposure period the specimens were removed from the chamber 
and photographed (Figure 3. 4. 2, 7-8). The specimens vrere then rinsed wii h distilled 
water and lightly swabbed to remove the salt deposits and the loosely adherent 
corrosion products. Figure 3. 4, 2. 7-9 is a photograph of the specimens after this 
cleaning op(;ration. As shmm in these photographs a considerable quantity of 
corrosion products formed on the surfaces of the saraplos, and there was an appreciable 
ajiiount of staining and general corrosion of the surfactis. 



! 

I 

I 


PaKC 3-XO3 



Fig. 3 . 4. F. 7-7 - Photograph showing the extent of corrosion on Lockalloy 
(Be-38^A1, 0.2‘y thick, slieet IIC it)0-l) specimens 
(6SC-3T and 6 sC- 5T) after 40 hour.s of exposure to salt 
spray. 
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Fig. 3 . 4. 2. 7-9 - Photograph shov;ing the extent of corrosion on Lockalloy 
(Be-38%A.l, 0.2^>" thick, sheet HC 16 O-I) spt^eimen 
(6SC-3T and 6SC-9T) after i 68 liours (7 days) of expo- 
sure to salt spray. Samples were rin.sed v/ith distilled 
v/ater and lightly swabbed to remove tlie loosely adhei'ent 
salt deposits and corrosion product.^. 




I 


Par/' 


Tv/o [jaintod L'u;V.an(^y ap.r^r'imrnn (Bc-'-jB-jUi, PliJ.ak, ;;lK-<d, iliJ .lf.o-.l) 

were yubmittcnl to the ]<yv. Canyon Mat(>rialn Laboratory 1‘or a seven) day (:iL» hours) 
salt spray tost. An X- shaped seratc}) was moxlc In the paint film on both Kp^.ruiiens 
uslnr; a sharp pointed steel scribe. Most of the scratches were approximately O.OJ" 
wide; however, one of the scratches was approximately 0.03" wide. spec xmens were 

examined visually under a binocular microscope at magnifications of 10 to hO diameters 
prior to the salt spray exposure. There was slight chipping or flaking of the paint 
at the center of "X". Except for this area, the adherence of the paint film appearea 
to be good. The appearance of the specimens prior to the salt spray exposure is 
shovm in Figure 3»^l*2.Y-10. 

The specimens were placed in the salt spray chamber, and they were examined 
periodically during the test. The salt spray test was conducted in accordance with 
the American Society for Testing Materials Standard BUY (5 i 1 parts by weight of 
sodium chloride in yb parts of distilled water). At the end of the seven day exposure 
period, the specimens were removed i'Tom the chamber; and they were rinsed with dis- 
tilled water and lightly swabbed to remove the salt deposits. A photograph of the 
specimens after the; salt spray test appears in Figure 3.U.2.Y-U. As shown in this 
photograph, very little corrosion occurred on these specimens. Examination of the 
specimens under a binocular microscope shov/cd only a very few, small, isolated areas 
of corrosion prod'ucts on the scratched surface. The condition of tlie npcciir.^'ns at the 
center of the X-shaped scratches is illustrated in Figure 3 .)| .2 . Y-.1 2. As s.nown by 
these p]iotographs , the paint system prtjvjded /:ood proLectiu'c to the ■va.i.loj ha... 
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Fi*^. 3,4.2.7-10 - Photo'rraph shov/in" the two painted Locka].loy (Be-.i8^1, 
0.25" thick, sheet HC 16O-I) specimens before salt 

spray exposure. 
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Paf^o 3-108 

A ,2‘j llurh thick ]1 c-38aI Alloy .'Specimen ;;h<A-/n in Fifiurc 3.'l.V.c-i 1 v/a;; 
v/ith ADP developed hildi temperature painl, leavinf' one end uuiirot' el. <l ;uid Ihr n .sub- 
mitted to a 3 -Ij‘J^ salt apray teat ior 1(630 hours. 

The appearance of corrosive products on the protected paint aurfuc-e illualrat' d 
dramatically the excellent protection provided by this paint spray. 

Since titanium screws are used in joint assemb. ies of Bc- 38A1 Lockalloy, a 
protective barrier must be provided if galvanic corrosion is to be avoided. A 
simulated joint of .25- inch-Be-^SSAl alloy protected with ADP developed high temperature 
paint and bolted with a titanium screw was compared to an identical unprotected joint 
after being immersed in a 3»5^ salt solution for approximately 2-l/3 months, as shown 
in Figure 3.^.7.2-l4. The unprotected specimen shown on the left has been considerably 
attacked by corrosive products in contrast to the clean unaffected paint protected 
specimen on the right. 





Puge 3" 110 



Creep r.l-rmf^th 'J'cfjlG ^ Crer-p ntronnUi l.ec.L.': v/ere eoiulucitod at, l.hn Kyr 
Canyon tent I'aeilil.y or J/jekhood in aeenrdanee wlt.h ASTM K13'>Y00 utiJ izinr, 1,li-- 
Satec Creep Testiip' Maehinen shown in Fif-vire 3.'*.2.Y-1. TripJ.ieate Kpeeiim.-n;-: op 
the configuration shown on pafie B-2 of the Appendix were maf;hined from ,2^j0 inch 
thick BC-38AI alloy in both the longitudinal and transverse directions. 

All specimens were first measured ^ and mounting clamps for a two inch gage 
length Satec Model 9234-K Remote Extensometer were attached using a two inch spacing 
block. With the extensometer attached, the specimen was placed into a 6,000 lb. 
Satec Creep Rupture Test Machine under zero load. The extensometer was then zeroed 
and the appropriate scale setting chosen to give a full scale deflection reading on 
a 12 channel Barber Coleman Time Base Recorder. Full scale corresponded to 10 
inches on the recorder. A thermocouple was then attached to the specimen and the 
Satec Resistance Furnace, as shown in Figure 3. 4.2, 7-1, was placed over the speci- 
men. Specimen temperature v/as increased to 6 oo“f for I5 minutes and the test load 
then applied. Temperature was maintained at 600° + 3°F throughout the test duration 
by a Barber Coleman Capacitol #4YY Temperature Control. A continuous record of the 
temperature was on a 24 channel Barber Coleman Recorder. Strain data as a function 
of time was read directly from the 12 channel Barber Coleman Recorder as shown in 
Figure 3.4.2.Y-2. 

A dead-weight load was applied at 6oo'^F so as to produce a stress levc] in both 
the longitudinal and transverse directions of the specimens as f ol] ows ; 
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^.h.2,\) Ratio *lV;fjl.ri ~ Poi;:;jori’.': Ratio Tcsir: v/cr<' <!onfluct(d at room 

t< mjx-raturo and 600^V, vn.ih and \n.thout exposure to 6oo”l<‘ for 100 hourn and In 
tho lontiitudina! dJ.roction, utilizin/' spocimons conforming to the confif^^iration 
nhown on Pa^c b- 2 of the Appendix. 

On the room tempo i-uturc tent npecimenc, BLH Paper Back Strain Gucen v;ere in- 
atallod uniri'; SR-*t Cement. Four separate stmin v/ere used on each specimen - 

2 axial back-to-back and 2 transverse back-to-back. Another specimen having four 
of the sajne type paper gages used to provide the ma telling diunmy gages required to 
complete the one- half bridge installation for each gage on the test specimen. 

For the specimens tested at 600*^F, four hi.gh temperature strain gages v/ere in- 
stalled on each specimen as on the room temperature test specimens. M-Bond 6 OO 
adhesive v/as used J’or the .ga-te installation and heated to 22'^Y under clamping pres- 
sure for initial, gage cure. A 3-wire sy.stem v/as silver- .sc Idered to each gage, and 
the one-half bridge was completed for each gage by use of a similar specimen having 
like strain gages. Prior to load testing' at 600°F, each specimen was heated to 
600 °F and cooled to I'oom temperature for curing the sti’ain gage installations. 

The first specimen to be- tested was installed into a test structure utilized 
for fatigue test similar to the one shown in Figure 3•*^•2•6-l. The four strain 
gages were read on one strain indicator through a switch box. Because of the rela- 
tively small strain outputs from the Poisson Gages (transverse), it was felt that 
tlie switch box system should not be used due to the possibility of swi telling tran- 
.sient;-. Also, alignment of the grips could cause bending of the .specimen since 
both uppc'i- and lower grips v/ere rigidly mounted. 

A new test stiaictuio v/a;j fabricated v/hei'e specimen bendin!', v/as I'liniinlsed by 
use of universal .ioints. at both ends of the loading stnictur's. The s 1 i me: 1 .au' 
or.icTitr.'d vc.'rii,cal.!.y in tlie sti’uclui’e. Ii'juds v/ere applied by u hyui’uuiic .Ja. a. wii-u 
•1 !nna puini.' supp.lyin.'; i.n<; hyCra.i)'' pj’cs.sure, A load ccvl.i. and J ii-i.i cafor sysl.ei:'. 
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( 


v/ua ur>ed to monitor tlie loadirii'r. . For elevated temperature testa) heat vais supplied 
by a heat G^^n, placed into a small insulated "Maronite" box installed aroand the 
speeimen and grips as shown in Figure 3-4*2.9-l- A thermocouple tied to the speci- 
men was used to monitor the temperature at 600° ± 10°F. Four strain indicators 
were used to read the strain gage outputs. A photograph showing the entire test 
arrangement is shown in Figure 3. ^.2.9-2. 

The specimen was installed in both grips, fitting freely in both grips with 
the pins installed. The lower grip was connected with a rod through the lower side 
of the oven to a U- joint. One pin of the U- joint was removed to prevent any load 
on the specimen. This position was called Zero Load. A stop was installed to pre- 
vent the hydraulic actuator from drifting down when the sjjecimen was at Zero Load. 
This Zero Load reading at room temperature and at 600°F for the elevated tempera- 
ture tests was that reading from which all the data was referenced for any particu- 
lar specimen test. 

For the room temperature tests, four loading runs were accomplished and strain 
readings obtained for each gage as follows: 

Run No. 1 0 to ^300 lbs. in 100 lb. increments 

Run No. 2 0 to 1000 lbs. in 200 lb. increments 

Run No. 3 0 to 3500 lbs. in 500 lb. increments 

Run No. h 0 to 5000 lbs. in 500 lb. increments 

(or highest load possible at )-easonable stabilization). 

For elevated tests at 6oo'^F, three loading runs were made and strain readings 
ol)tained for each gage i?s follows: 
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NOTE; The Poi:'.r:on Gageti were itaad only l-o Iho 1000 lb. Jojidlng .'H, room lornjiojvi l.u rr- 
and the bOO lb. loading at ()00^’l''. 

The two axi.-il sti'ain gage readingc were avei-aged .ua were the two Poia.aon Gag.e 
strain readings. The average Poisson reading was eori'octed lor the transverse 
effect by the equation; 

ey = [l-(.285)(K^[^y-K^ 

Where 

ey - Corrected Poisson Strain 

K = Strain Gage Transverse Sensitivity Coefficient in Decimal Fo»m 

t 

^y Average Poisson Strain before Correction 
= Average Axial Strain 

The axial re.adings were not corrected because of the small Poisson strain outputs 
which were negligible in effect on the axial gages. 

The results of the Poisson Ratio Tests for the inch thick Bc-38a 1 alloy 
are tabulated in Table 3. U. 2. 9-1 and were obtained from the graphical presentations 
shown in Figures 3. 4. 2. 9- la and -lb through 3.J|.2.9-9a and -9b. 

An added benefit from the Poisson Ratio Tests was the ability to obtain modulus 
of ela.sticity values from the axial strain gages as contra.sted to the conventional 
method of using extensomoters. These results arc shown in Table 3. *<.2.9-1. Com- 
paring the values obtained v;ith the strain gage read-outs to those obtained with 
extensomoters, a smaller range is rcali;4ed for the strain >yiged values particularly 


at Goo F as shown below; 
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FOISSOirS RATIO AND YOUKG’S MODULUS TABULATION FOR lA" THICK X 1/2" WIDE Be^SSAl SFECE 



■U?5 3 . 4 . 2 . 9 -la DETEriDENATIOH OF POISSON'S iW.TIO Al© YOUNG’S MODULUS FOE 
SPECn-EN 6PR-12L AT ROOM TEMPERATURE AFTER 100 HOUR SOAX 
AT 600°F, LONGITUDINAL. (SHEET 1 OF 2) i 






-lb DETEEMril/'.TIOri OF POISSOH'S R^.TIO .-aiD 
SPEC3EN 6PE-12L AT ROOM TEI'IPEIUTURE 
AT 600°F, LOroiTUrniAL. (SHEET 2 OF 













e.d 



DETERMHmTIOH OF POISSON'S RATIO AND YOUIG'S MODULUS FOR 
SPECU-IEN 6PR-^L at ROOM TEMPERA'TURE - NO SO.yC, LONGI- 
TUDINAL. (SHEET 2 OF 2 ) 
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DETEBlffilATION OF POISSOII'S R^^TIO 
SPECJMEH 6PR-5L AT ROOM TEMPERATURE 

























5a DETEK'HI^^TIOK 0? POISSON'S RA.TIO AND YOUNG'S MODULUS FOB 
SPECIMEN 6PR-2L AT ROOM TEMPERATURE - NO SOAK, L01T5I- 
TUDHIAL, (SHEET 1 OF 2) 






DETEEfflNATION OF POISSOH’S RATIO AITO YOUKO'S 1-lOIJUlUS 
FOR SPECBER 6PR-2L AT ROOM TEMPERATURE - HO SOAK, 
LOIGITUDIKAL. (SREET 2 OF 2) 
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ViK'n 

TKSTlNfJ 01'’ . I '<0 INCH THICK Ha- iHAl GIH'IKT 

ChuraaLcrJ nation l.a'.'M.i; on npoaimanr: praparod Trom .J'.O-inrli t,nl>-k Ha^-ifiAl 

shoot worr porrornurcl to tost tho forminji <-'haractcrlsti.-s , tlio lap nhoar .joint 
stronfith, and the mcohanioal properties of this material. Those testa Wore aop'< ially 
signil’iount boirauso Rc- 38A1 of the same thicKnoss was used extensively in the 
fabrication of tho ventral fin. The results of these t<;sts are needed for com- 
parison with the results of similar tests performed on .250-inch thick Be-38A1 
and Be-43A1 plate. These tests are summarized in Table 3.5-1 and described in 
succeeding paragraphs. Figures 3.5-1 through 3.5-1-’ arc presented to graphically 
illustrate the quantity of test specimens that were involved in these tests. 
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SPECUAEN 

GRAIN 

A^ATEIt1Al 

UST 

ric^, OF 

SPICIMEM IDiril. 

ITEM 

TEST 

lYPt 

direction 

CONOTTW3M 

IIMP. -“l 

SPrClMIMS 




1 


R.T. 

3 

3NF-U, -2L, -31 




AS RCCUVED-NO SOAK 

600 

3 

3NF-4L, -51, -61 






R.T. 

3 

JNF-II, -PI, -JI 


fATlOUE 




600 

3 

3NF-4I, -51. -6T 





R.T. 

3 

3NI-71, -8L, -VI 




L 


600 

3 

3NF-I0L. -111. -I2L 




1 


R.T, 

Arm 

3 

3 

3NF-7T. -81. -VI 
3NF-I0:. -III. -121 





AS RECEIVE D~NO SOAK 

TT, 

3 

3SC-IT. -2T. -31 





8A*E - D iy?». M«CI 

600 

3 

3SC-.T. -51. -«I 





AS RECEIVED-NO SOAK 

R.T. 

3 

3SC-2T, -8T, -VT 

9 

STRESS 

S-47 

1 

AlODINE COAT* 3 1/2*^bNoCl 

600 

3 

3SC-10T, -IIT, *12T 


CORROSION 



AS *ECElVED‘NO SOAK 

R.T. 

3 

3SC-I3I, -Ur, -151 





PAINT * 3 122*; NoCI 
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3 

3SC-161, -ITT, -18T 

10 

CREEP 


L 

AS RECEIVED-NO SOAK 
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3 

3CR-1L, -2L. -31 


T 



3 

3a-ll. -2t, -3T 








3PR-IL, -21, -3L 

11 

POISSON'S 

RATIO 



AS RECtIVEO-NO SOAK 
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3 

J«-4L'. -sl; -al 

S-7 

L 

SOAK 100 HOURS AT 60CPF 

R.T. 

600 

3 

3 

3PR-7L, -ei, -VL 
3P8-10L, -111, -121 

12 

NOTCHED 


1 

AS RECEIVEO-NC SOAK 

R.T. 

3 

3NI-U, -2L, -31 

TENSION 


1 

600 

3 

3NI-n. -?t, -31 





AS RECEIVE O-NO SOAK 

R.f . 

3 

5J3.I5-1A,1B; -2A, 28.-3A, -36. 
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IS 
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!■ 
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16 

TENSION 
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AS RECEIVED-TEST AT 3 
DIFFERENT STRAIN RATES 

1050 
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3T-22L 31-301 

17 




STRETCH 5% AT 1050^- 
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R.T. 
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3T-311, -321, -33L 

ie 
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SAME AS ITEM 15 
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31-131. -141, -l$r 

\9 



SAME AS ITEM 17 
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’I-IaT, -I>t, -1ST 

20 


S-50 
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R.T, 
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48M- L -■ 48M-5L 


T 

lO ESTABLISH MINIA^M 
SEND RADIUS 

3 

4BM-lt, -3T, -5T 





IE NO 


1 

ASI!EC'0-MN0ATI(»0"F 
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4U8-U ^ 4U8-5L 

21 




1050 


4U»-IT » 4U8-5I 
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NOftSr 

1. FWST OlCir OF SPICIMFN IDFNIIFICATION INQICATFS THf FOUO\VINOt 3-SHtET UO. HC 74J-3. 4-SlUn NO. HC ?*)-1 
fXCEM LAP-SHEA* JOINT SPfCUAtNTS. 

2. SPECIMENS IDENTIFIED 381,5 IWU ‘7T, 381. 5-1 2T, 3«-U THIU -12L, 3CR-U TWO Jl AND 3C<-tI TJ«U -3T ^vi»F O8TAir^F0 
FKONS SHEET NO. HC ?AJ-l (SHOULD lUVE 8EEN IDENTIFIED WITH THE EERST DIGIT OF 4|. 

3. LAP-SHEA* J<Jir-ri SPECIMENS WERE PKEPARED FlOM REMNANTS OF SHFlT MAURlAl INIFNDID FO* FIN FARJI1CA710N AS FOUO.VS 

3J3.I25 lA. -18THRU3J3.I25-6A • SHEET MO, HC 1 32-5, JJJ.125 W - SHI ET NO. MC IV7-3 
4J3.I2S-IA, -18 THRU 4J3J2S-6A, 6* - SHUT tiO. KC lfO-3 

5J3.JS-1A, 1^ THRU SJ3.15-3A,38 - SHEET MO. HC 12/-3. SJJ.l 'i-4A, 4ft THB- ^ '03, 1 5-dA,« - SHE (1 tJO, HC 1 61 - 2. 
6J4.I5-1'\, Ij AFjO -?A,2i • SHEET rJO. HC 272-1, 6J4J5-JA,38 AND 4A - SHfEI NO. JC 16' -4, 6i4.l5-fA.6S AfrD -<* - 
SHEET M<«. MC l«l-S 
6J4.I5-5A.SB - SHUT NO. HC 227-3. 
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Fig. 3.5-3 - Notched Tension Specimens 
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3 . 5 . 1 . Formal) IJ. 3 l.y Ohara(!terJ.;:ij.eK - Bi;»38ai .,1,50 Thlehtie^:. - Only upot Wore 

pc'rformed in eonnection with the formability char actor 1st icB of BC- 38 AI ,150 thick 
ness and are listed in Table 3. 5. 1-1. Test data is shown in Tables 3. 5 . 1-1 
through 3.5.1-*!. The same comments and observations made for the HG- 38 AI .250 
thick material also applies to the .I 50 thick material. 
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SPECIMEN CONDITION DIRECTION ULTIMATE YIELD 


PaKP 


h, — C>> CN K CD hs IV CO CO o CO CO CD CO CN 00 CO — 00 CO O r- 

•<o<rNrN eooc^N tvtsco^ uo'O'^'o ctcNoiCN cv'#rsco 

SicQRn SNcsiN NKIc^S cm <s CNcy cncococo cococmco 


lO O O 00 O O — O r- CM CM CM- »- CO CO CM I CM O ol— >- CO — CM 


•M- CM O CM 0» O O O fs.>CtO>0 O CO 00 O' CNKOO 'OO— ©< 

IvrNivrv 't'O'O'O UI'M'M-'M- lOM-cOMO ( 05 'M’CO ^ 

COCOCOCO COCOCOCO cocococo cocococo cocococo COCOCOCO “ 


r- CN — 00 

CM ^ ^ CO 

>0 

*0 

M- OO K 

•c 

rv F- 

F— ^ 

^ ^ 


P* ^ ^ 


M- 10 <n 

10 VO 10 10 

5 

5 

5 

uo 

5 

5 

5 

u> 


0 

2 

0 

2 

< 

ec 

0 

2 

0 

to 

2 

< 

0 

2 

0 

to 

Z 

< 

OL 

_j 

: ^ 


►- 


h- 

a 

A 


8 o' 

^ t; 

UJ 

¥ ^ 
X Ui 






% 

tu 

U 

CU 

ae 

Ui 

U 

Ui 


i®tc 

Q LU 

Bo^ 

2° 

Q u« 

UJO 

2° 


UO 

< 


X ^ iC 
uj X 1— 

u5 0 ? 

2Sf<^j 


p I- > o 


_l_ 4 _ 4 > ^_C_J> l-l— h-> 0 »p^> <O^CS> 

T 77 < 7 v 7 ^ fvopc^< RcoN< -«CM< 777 < 

^ ^ H- ^ K- 

m CO CO (o CO CO to CO fo rococo cocoto totoco 


;::SILE test results of .150 thick Bb-SSaI LOCKALLOY at room TEMPERArURE, 
;TH AJ!D WITHOTJT exposure for 100 HRS i? c 00 °F, AlID ONE ITOUR AT 1050 °F 







3.5.1.J 

'iVnu'.ilr; 

Te.sts - The 

procedure vised for 

tesl lrii' thf 

ne-3'-Al 

s.'vne a; 

i that (;iiip.l 

oyril for the 

‘ Be-^t3Al material. 

Tills is de, 

scribed 

and is 

not repeat 

eti heri;. 





TIk. resuJtfj o£ tensile; iosis of .l|j Lhie;!-: Be-'iOA:i al.lr)y are pr 
Tables 3. 5 . 1-1 tbrou;;)i 3.<;.1-Jt. 
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For the ,11>0 inch thick Bc- 3BA1 alloy typical stress-strain curves in the us 
received condition, tested at both room temperature and at COO°F and in both the 
longitudinal and transverse directions are presented in Figures 3. 5.1. 1-1 and 3. b. 1.1-2 
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.2 B ond Te.:tr."Thr(M! Point, « Thn procicduro ur.i'd for l.cr’.iin/': t.lv B. 
material ia the aamo ar, that employed for th(; ]1('~1|3A1 mater j.al, ‘J’hif; i;; defjeri.brd 
in Section 3. 3. 1.2 and is not repeated. 

The room temperature bend tests v/ere accomplished in a pov/er brake util izing 
the same bending fixture as was also used for the lO^O^^F bend tests. This is 


possible because of the reduced thickness of the bend specimen (.15 versus .25) a 
typical set-up in the power brake before and after bending is shown in Figure 3.5*1*2-1 
The results of the room temperature ^d 1053°^ tests for the .I50 thick Be-3QA1 
alloy are presented in Table 3. 5. 1.2-1. Based on these tests, the remarks made for 
the ,25 inch thick Be-36A1 alloy in Section 3. ^.1.2 are also applicable here. 
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Notched Tensile Testa - The proceduro used for test inf' the He-'^8A.l 
materiaJ.s is the same as that used for the Be-43A1. material. Section 3. 3.1. 4 
describes this procedure. 

The results of the notched tensile tests for the .J.'jO inch thick Be-38A1 Alloy 
at room temperature in the longitudinal direction and at 600°P in the trmisverse 
direction are presented in Table 3.5.M-1. Unnotched tensile tests for identical 
test conditions are also presented to show the notched to unnotched ratio for the 
.15 inch thick Be-38A1 alloy. Comparing the ratios of the ,150 inch thick to the 
.250 inch thick Be-38A1 alloy, it appears the thinner material to be less tolerant 
of notches at both room and el evated temperature . 




















].up nti' -ir .To jriV T t'r.Lf-; - ]n ordfr l,o pri-»vldo doii .l.r.n<T;i aiui uLrc;;;; iJt.Tf.JomiOi 
with inorf! acicurato l'a;:tf!iior a.IlowabJo J f^adw for tho }V:-38 ai alloy to the; 

ventral fin proof teijt, lap ahear joint testa were perfonned. The apeeijnena con- 
formed to MIIj-ST'D-1312 (except for len/'th and riveted instead of spotwelded doublers) 
and were machined from remnant pieces of ,125 and .150 Bc- 38A1 alloy ski.i panel 
material . 

Triplicate specimens were fabricated to the config^iration shown on page R-lh 
of the Appendix. Both .I90 Dia. and .25O Dia. flush titanium small headed fasteners 
were tested. Large tension type heads on .250 diameter fasteners in .I50 inch thick- 
ness joints were also tested. All tests were run at 600°F as well as at room 
temperature . 

Testing was also accomplished on the self aligning A-286 GRES nut at 600°F 
as well as at room temperature. 

The lap-shear joint specimens were installed in a 30,000 lb. Baldwin Mark B 
Testing Machine and loaded at a constant rate to a value corresponding to the 
approximate yield deflection specified in MIL-STD-1312 for the particular fastener 
size being tested. At this deflection, the specimen was unloaded to near zero load 
to more accurately deteimiine the true permanent deformation. The specimen was then 
re-loaded to failure. A Lockheed designed extensometer compatible with the Baldwin 
x-y plotter provided an autographic load-deformation curve for both room temperature 
and 600 °F testing, 

A photograph of typical lap-shear joints of .250 inch Dia. tension type flush 
head titanium fasteners before testing are shown in Fig. 3, 5, 2-1. 

The lap-shear joint test result:: of the ,125 inch and ,150 inch *hi.-k Bp-38a 1 
alloy are tabulated in TabJes 3 . 5 . 2-1 a:ui 3 . 5 . 2-2 for room tempi'ra' ur.-i 
respeotivr-ly. A photograph of ail cf the spe -imchs af'^r fallor'- a' ■ ra' ;r' 

a:;i I' : av" F.! 3 .'.,.-;' a:, i ^,.'. 2 -^. ' v y . 
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Fie. 3. 5.2-1 


Typical Lap-Shear Joint Cp- ti-onr; 

Of 1/4 Inch Tsr.r.icn Typ-' ]p ai Titan: o::; 
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Mf.'ohanlcal 1 ‘i\>p(!rt,x<^s 

I-'>. I.l C'>iri|>r<:.:;..i<>ii T’:;:!... - 'IMji- [>ri u.':<r(l JV.r 1, 1 'ii- 'Mr- .i'.O inr> ( '■ ‘-i -p I 

j..- l.hc n;; tli.-rl, fiinployfd ror I.Ik; -i I. . .i n r|i!;:cr Ibcd in 


[ioction and. In not i*opoatod lioro. 

'i’ljc c;ompi‘un;:ion tciat roauilt:; of . .L‘.;0 imrli l.liiok a.l loy at roc^in tc.-inpo l a- 

ture and (>00 T, v/ith and witliout :.:oak for 100 iioura at OOO^l', are pre.aented i,n 
Table ^.'^.j,l-l in the longitudinal direction and in Table j.!i.3.1-i- in the trana- 
verse direction. 

A typical compression stress-strain curve for . l^i inch Be-38A1 alloy to.ated at 
i-oom temperature and 600°F in the as received condition are presented in Fij^ure 
3. 5 . 3 . 1-1 in the lon;'j tuALnal direction and in Figure 3.5.3. 1-d in the transverse 
direction. 
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r igtwii ie Bhcor Tent.;; " 'I’ho pivwc'durn UHod fur toiiflni' fho ,]/j0 thick matcrlaJ 
is the same as that employed for the , 2‘^0 thick matcrlat. This js dcKcrtbed in 
Section 3. *1.2 ,2 and is not repeated here. 

The flatwise sheet shear tests results on the unused portion of the .040 inch 
bearing specimens machined from ,150 inch thick Be-38A1 alloy sheet are presented in-' 
Table 3.5.3.2-1 at room temperature and 600^Pi with and without exposure to 600°P 


for 100 hours. 


Puge ^=177 



FLATWISE SHEET SHEAR TEST RESULTS FOR SOME .150 INCH THICK^ 
Be-33AL LOCKALLOY SHEET. \ 
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Hoorlnr. Tciitij - The procedure uued for t-.-Bting tho .l^iO matcrJ.al 1 b 

the yajiii’ as that employed for the ,2^0 thiclc material. This is describe 1 in 
G(?ction 3 , 4, 2. 3 and is not repeated here. 

ITic bearing tests were performed on .040 inch thick specimens machined from 
.150 inch thick Be-38A1 alloy sheet. Tests were made at room temperature and G00°F, 
,.'lth and without exposure to 600 *^F for an inadvertent soak of 113 hours rather than 
100 hours, for both e/D =2.0 and 1.5. Results are presented in Table 3. 5. 3. 3-1 for 
the longitudinal direction and in Table 3. 5. 3 *3-2 for the transverse direction. 
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EEARIiro TEST RESULTS OF .040 INCH THICK Be-38Al IDCKAIIXJY SPECIMEIffi AT ROOM 
lEI-IPSRAIUEE AND 600°F, WITH AND WITHOUT SOAK FOR 113 HOURS AT 600,°F 
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5Ei".RIIG TEST RESULTS OF .OLO INCH THICK Be-38Al LOCKALLOY SPECD'IE^TS AT PCs 
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3»!'.3Ji Pra'-iuro Tou(^hnesa 're»La - The proeorJnrr u.'jed Tor I.t.'fihirif; Uie , I'^O- thick 
materiaJ. is the name as that employed for the .2';o-thiek matt.i’ial. This is 
described in Section 3. 4. 2.^4 and is not repeated here. 

The computed values for Rg^ are presented in Table 3. 5. 3. 4-1 for room 
temperature results and in Table 3.5»3.-4*'2,for 600°F test results. 




RESIDUAL STREIGTK PARAMETER ?0R . 150 INCH THICK Be-38A1 IXCCKALLOY A' 
TEKPERATITJE, WI!IH AND WITHOUT EXPOSURE TO 600 F FOR LOO HOURS 
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TABLE 3 . 5 , 3. 5-1 FATIGUE CRACK GROWTH RATE DATA FOR SPECIMEN 3FT-3L 
AT ROOM TEMPERATURE - NO SCAK, LONGITUDINAL. 
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TABLE 3 . 5.3. 5-2 FATIGUE CRACK GECWTH RATE DATA FOR SIECBEK AT 

ROCM TEMIERATURE - NO SOAK, TRANSVERSE. 
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TAHEE 3,5. 3. 5-8 FATIGUE CRACK GROWTH RATE DATA FOR S3CIKEN 3FT-12L 
' AT 600°f APTER 100 HOUR SOJMC AT 600°F, LONGITUDINAL. 


FTGIM:; FATTOrjE CRACK CRO/fTn RATF FOR SPECIf-IER 3FT-':JL AT 

HOai THMIFRATUKK - iiO COAK, LOncilTUDIIiAL, 





on/DN-rf-iniriiE r:Rnr:< growtm r'rtit, in. /uvcik 



□ R/DN.FRTIEUE CRRCIC 



PlGtiKE 3. 5. '^.5-^ rATIO'ii!; CkACK GKOV/TH RATE OF GKF’H-EN 3tT-'iT AT 

ROOM '.[EMFEKAIUHK AFTER lOC) liOtA-< SOAK AT f.OO^E, TKARS'/EKSE. 


DR/orj-Pf^iTiGUE; r:wRc< i:>Koun< RRfE,iN./[:YCLe 


1 


i 
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FIGUEE 


L“ 

3. 5. 3. 5-5 


’ ■ -J ■- y .J ‘ \ _ i: ■ „ - • - ' y - ^ • Y y -- - - » 

F^IGUE CRACK GRtt/TH RATE OF Sffic'liffiN'3f“r-6L AT 
60a°F - RO SOAK, LONCJITUOINAL, 


DR/DNrFRTIEUE CHRCfC GROWT H HRT E , I N . /CrCl.F. 





FIGUi^K :-}.5.3.1 j-7 FATIGUI-; CHACK growth HAT}-; OF Gn'lOlMKN 3FT-1FL AT 
(;00‘^F Ai'TFR 100 HOUR SOAK AT 6 oo"F, LORCJlTUJJlNAti. 


CR/DN.FFiTIfiLIE ERRCK EROWTH RRTEM N . /CYELE 





;;;\z . : v;\ , 

f'lGURE FATIGUE CRACK GROVmi RATE OF UFliCBEN 3F'r-I?T AT 

600 “f after 100 HOUR HOAK AT bOO^-’F, TRANSVERSE. 
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3, 5. 3. 6 Knclurancc Tcato - ITno procoduro utiod for tcstinc the .1^0 thlt:k 

material la the aamo aa that employed for the ,2^;o thick material. Thla la 
described in Section 3, 4. 2.6. Testa were also conducted in the transverse direction 
as well as the longitudinal. 

The fatigue endurance limit test results of .150 inch Be-36A1 alloy althoixgh 
Incomplete arc presented in Tables 3*5t3.6-l thru 3.5»3.6'-4. 

To check the effect of scratches on the fatigue endurance limit, specimen 
numbers 3UF-7L, -8L, -9L, and 3UF-10L, -IIL, and -12L were deliberately scratched 
across the test section with a torque set driver. 

A form was made which matched the contour of the unnotched fatigue specimen 
as shown in sketch. A 10-32 flush head screw with a torque set recess was tightened 



in a normal manner with a torque set driver. 
While applying torque, the set was per- 
mitted to slip off the screw head and 
scratch across the specimen test section 
under full driving force. 


Examj nation of tlic data in Tables 3-5-3-6-;’ and 3.5-3*6-4 


allow:- the :;c rate bed 


specimens had longer fatigue life than the notched Kj. = 3 r-.peciinen. 
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Streai; L‘orro r;1cni 'i' ctjl,;.: " T!ic pi'OfitHlurt; iiufid for LeHl.ln/' l-hc ,1‘>0 
maU‘ri.o.1. i» Uu’ s/jjnc u;i thul; i?nip.l oynl for the .250 think inntcrial . Ttii.;: ia dcanribed 
in Section 3.^«2.Y and ia not repeated here. 

The stress corrosion test results are presented in Table 3.5»3.Y-1. No stress 
corrosion failures were observed. However, from on appearance standpoint, ADP high 
temperature aluminized paint offered the best protection. 




















PuRfi 


J.L'.J.'' Tc;:l-:'. - T)t'- p7'(jCf;(liH'i; Cor l.o: f.i ii-'; Uio .I'lO Uiir 

Ho- iBAJ x;‘> ".amo ar; l.’nal, <nni)loy';d I'or l.lu; incti maLui j.al, 'i'liii; ia 

de:;(n-ik.ed ,f}i He»‘Uon 3.4.,.;.B and ;i:: not repeated horn. 

A dead- wej, ['ll t load viar. applied at 600 1'' no .an to produce a ntieaa level in 
both the longitudinal and transverse directions on the s^iocijnenn as follows; 


Specimen Stress 

I.D. -- 

3CR-1L,1T 20.0 

3CR-2L,2T 12.5 

3CR-3L,3T 7.5, 8.0 

A plot of Creep-Rupture curves at 600^^F in the longitudinal and transverse 
directions are presented in Figure 3. 5. 3.8-1 and Figure 3.5-3.8-2, respectively. 

A plot of Creep curves at various total deformations at 600 F in the longi- 
tudinal and transverse directions are presented in Figure 3. 5- 3-8-3 and Figure 
3.5. 3.8-4, respectively. 
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3. 5. 3. 9 PolH«on*» Itatlo Totiifi - 'i’ho proecdure used i'or ientiiif' the ,V^0 thick 
material ie the came ac that employed for the thlc^k rnatc.TJ.a1 . Thlr. Ir; 

deserlbed In Section 3.4. 2, 9 and la not repeated here. 

For the room temperature tests, the loads for the four loading runs were 
lowered to prevent overloading the thinner specimens (.190 inch versus ,250 inch) 
and are as follows: 

Run #1 0 to 300 lb. in 50 lb. Increments. 

Run 0 to 600 lb. In 100 lb, increments. 

Run ^3 0 to 2100 lb, in 300 lb. increments. 

Run #4 0 to 3000 lb, in 300 lb, increments (or highest load possible 

at reasonable stabilization). 

For elevated tests at 600°F, the following loadings Were used: 

Run 0 to 300 lb, in 50 lb, increments. 

Run #2 0 to 1500 lb. in 300 lb, increments. 

Run j^3 0 to 1900 lb, in 300 lb. increments (or highest load possible 

at reasonable stabilization). 

Strain readings were obtained for each gage at each increment of loading. 

The results of the Poisson ratio tests for the .150 inch thick Be-3BA1 alloy 


are tabulated in Table 3* 5 ,3 *9“! were obtained from the graphical presentations 

shown in Figures 3.5,3.9“la and lb through Figures 3 . 5. 3, 9 - 12a and 12b. 

An added benefit from the Poisson ratio tests was the ability to obtain 
modulus of elasticity values from the axial strain gages as contrasted to the con- 
ventional method of using extensometers . These results are shown in Table 3 . 5 . 3 . 9 -I 
Comparing the values obtained with the strain gage readings to those obtained with 
extensometers, a smaller rajigc is realized for the strain gaffed values, particular j.y 
at 600 ^F as shown below: 

Modul’i;' !>r g] as 1,.i e i by - ]’gj; y, 10 
Room <>00 i'' 


fJii'ain Oaia.' 


K/ b'-n; < >r:i'- 1 e r 


bY.OMin. - Max. i'b.UMin. - Ma.-. . 

,'•1. J Mill. - ! Max. Mi 1 . - 1 .a Max. 


J 


1 



POISSON'S RAIIO Aim YOLNS’S MODULUS TABULATION FOR 
?e-3SAl SPECIMENS 



















































FOR SPECI 
lOIGITUDi: 








lb DETERMINATION OF POISSON'S ElATIO AND YOUNG'S MODULUS 
FOR SPECIMEN 3PR-LL AT ROOM TEMPERATURE - NO SOAK, 
LOroiTUDINAL. (SHEET 2 OF 2) 







'KUTiE 3-5-3-9-2a DETERMINATIO]:! OF POISSON'S RATIO aIJD YOUNG'S MOBUIUS 
FOR SPECIMEN 3PR-2L AT ROOM TEMPERATURE - NO SOAK, 
LCIGITUDIIIAL. (SHEET 1 OF 2) 










FIGURE 3o.3.9-2b DETERMINATION OF POISSON’S RATIO AND YOUNG’S MODUIUS 

FOR SPECIMEN 3PR-2L AT ROOM TEMPERATURE r NO SOAK, 
LONGITUDINAL. (SHEET 2 OF 2) 












naUPE 3. 5. 3.°- 3b DETEBl-IINATION OF POISSOE'S RATIO AI® YOUTO'S MODULI^ 

FOR SPECIMEIT 3PE-3L AT ROOM TEMPERATURE - NO SOAK, 
LONGITUDINAL. (SHEET 2 OF 2) 






jmUBE 3o.3-9-^a DETERMINATION OF POISSON'S RATIO AND YOUNG’S MODULUS 

FOR SPECIMEN 3PR-7L AT ROOM TEMPERATURE AFTER 100 
HOUR SOAK AT 600°F, LONGITUDINAL. (SHEET 1 OF 2) 







DETESMIItoTIOK OF POISSON’S RATIO AND YOUIG'S MODULUS 
FOR SPECIMEN 3PR-7L AT ROOM TEMPERATURE AFTER 100 
HOUR SOAK AT 600°F, LOHJITUDINAL. (SHEET 2 OF 2) 







DETEEMIMTION OF POISSON'S RATIO .AND YOUNG'S MODULUS 
FOR SPECIMEN 3PR-8L AT ROOM TEMPERATURE AFTER, 100 
H5UR SOAK AT 600°F, LONGITUDINAL. (SHEET 1 OF 2) 








POISSON’S RATIO AND YOUIJCJ’S MODULUS 
•8L at room temperature PJTER 100 
'F, LOIGITUDINAL. (SHEET 2 OF 2) 








POISSON'S RATIO AND YOUIG’S RK5DUIUS 
■9L AT ROOM TBMPERATURi: .'^I’TER 100 ■ 
'F, LONGITUDINAL. (SHEET 1 OF 2) 
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DETEminJATIOII OF POISSON 
FOR SPECByEN 3PR-5L AT 6( 








figure 3.5.3.9-8b DETESMIMTIOIT OF POISSOK'S RATIO AHD YOUIKJ’S MODULUS 

FOR SPECIMER 3PR-5L AT 600°F - NO SOAK, LQKGITUDiriAL, 
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DETERMINATION OF POISSON'S RATIO AND YOUHJ'S MODULUS 
FOR SPECIMEN 3PR-6L AT 600°F - NO SOAK, LOISIITUDINAL 







DETERMBIATION OF POISSON'S RATIO AND YOUTC’S MODULUS 
FOR SPECIMEN 3PR-10L AT 600°F AFTER 100 HOUR SOAK AT 
600°F, L0i«5ITUDniAL. (SHEET 1 OF 2) 










FiaUEE 3.5.3.9-lOb DETEEMOIATIOW OF POISSON'S RATIO Alffi YOIMJ’S MODULUS 

FOR SPECIMEN 3PR-10L AT 600°F AFTER 100 HOUR SOAK AT 
600°F. LOIGITUDINAl. (SHEET 2 OF 2) 
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3,(j niU'IAU I'ANKJ, TKGT!:; 

Shear t< f;t» wtaa' p< rronmal on tva) 22-.i.nf;h .square J5( - 38 AX alJoy panel;;. VSille 
not requirc.'d as part of the material eharfieterizatlon study, these te;;t \k re eon- 
du(!tcd to further demonstrate the suitability of Loekalloy for structural appJ.i- 
cations on a larger scale than had been demonstrated by coupon tests. 'Ihe first 
panel was tested to determine its shear buckling characteristics and ultimate shear 
strength. This panel was prepared from a portion of the ,150-inch material origi- 
nally intended for use in the characterization study of this thickness of Be-38A1 
alloy. The results of this test provided base-line information for a similar test 
of a second panel which was subjected to a localized thermal shock prior to testing. 
This test panel was prepared from a sheet of ,l40-inch Be-38A1 material obtained 
from KBI. This sheet of material had originally been rejected by KBI because of 
edge cracks and surface imperfections. However, the shear panel was prepared from 
a portion of the sheet deemed acceptable on the basis of data obtained from uensile 
specimens taken from the same sheet. 


3 . 6.1 Shear Test of .1^0-inch Be-38Al Panel 

3 . 6 . 1.1 Test Specimen - A 22.0 x 22,0 x ,150 inch shear panel was machined from 
Be-38A1 liockalloy in the same configuration as shown by the typical aluminum panel 
shown in Figure 3 * 6 . 1.1-1. This panel was used as a drill jig for the I/^ckalloy 
panel. Rresented in Figure 3 • 6 . 1.1-2 are the actual measured thicknesses of the 
Be-38A1 panel. Tabic 3 * 6 . 1,1-1 presents a tabulation of matej-iul properties fro'!;'. 
spceiimjtis taken from the; same sheet, in botli the longitudinal and transver.se 
direction:; , from whicli the :;hear pane], vfa:j machined, In::luded in the tab’.il.atien 
are the material proper 1 ;ie.s as pj'ovided by mati'riaJ supplier. 


3 . 6. 1.2 Test Set-Up and I’riicediiiv ~ 'llu' 
steel picture friuiie and l.lii:; a;;;;r:'mbj y In 


te;;t panel v/us mountird in a pin- joint' d , 
turn was into a /-.round t'-;:! :'.i xt'.i re 
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ACTUM, WACIJUKl) TllJCKUKr.CK;'. OK 
.1^)0 INCH THICK Jie-3HA1 PANIX. 
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Pape 



SPECIMEN 

I.D. 

ULTIMATE 

KSI 

.2% YIELD 
KSI 

% E 

1.0 G.L. 

mm 


3NAS768-1L 

49.3 

33.0 

10 

27.6 


-2L 

47.9 

32.6 

9 

26.9 

■T 

-3L 

49.5 

32.9 

14 

26.2 

- - 

AVG. 

48.9 

32.8 

11 

26.9 


3NAS768-1T 

50.0 

32.9 

12 

29.2 


-2T 

50.0 

32.9 

14 

30.4 


-3T 

49.7 

33.2 

13 

29.3 

.. 


- 




’■ ■ 1. 

AVG. 

49.9 

33.0 

13 

29.6 


MATERIAL SUPPl 

■lER DATA 




-T 

L 

49.2 

34.0 

13.6 



L 

49.1 

33.9 

12.7 



AVG. 

49.2 

34.0 

13.2 



T 

48.4 

32.5 

11.5 



T 

47.1 

35.0 

8.0 


. T.- 

AVG. 

47.8 

33.8 

9.8 



NOTEj AVERAGE ultimate SHEAR STRESS (F*u) 

FOR 3NAS768-1 PANEL = 37.2 PSI 
(TRIPLICATE SPECIMENS). 


REF. R.N. PAGES 568954 AND 568968 
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(Ic.-jlf'ncd und r:i,bri anted by ],ookhoed-Ad vaner'd bevfti opment l’r(>,lccin a;; .".hov/n III 

Tent ioad.3 wci’c; applied hydrauJ.icaJ J.y and ai.l pronnnro wan 
rt://uTai,od by an J'Jdinon bi>tul Maintained’ an nhown in Fif'uro Tent l(jud.n du 

not ineiude tent fixture tare weicht of 2,O\0 poundn. For sirnplieity, tbin l.oft/l 
was ncrJ.ccted since at the failure loud of the panel it represents an error of 
approximately 2 percent which was considered nctilif'iblo. 

Strain gage locations are shovm on Figure 3, 6. 1,2-3. Reatiings were taken at 
each increment of loading by two strain indicators hooked into a switch box. One 
indicator was used for gage read-out of the axial gages and the other indicator 
for the shear gages. A photo of the set up is shown in Figure 3.6, 1.2-4, 

Deflections vfcrc recorded at each load increment by back-to-back dial gages 
installed parallel and normal to the applied load as shown in Figure 3. 6. 1.2-5, 

3. 6. 1.3 Test Results - Test loads were applied from zero to 60,000 pounds in 

20.000 pound increments, then in ]0,000 pound increments to 80,000 pounds, and then 
returning to zero load, A buckle measuring ,002 - ,004 inches was observed at the 

80.000 pound loading. Strain and deflection readings were recorded at each load 
increment and are tabulated in Table 3.6, 1,3-1 and Table 3. 6. 1,3-2, respectively. 
Plots of shear strains and deflections versus loads are shown in Figure 3,6, 1.3-1 
and 3.6. 1.3-2, respectively. The panel was then rotated 90° counter-clockwise 
(facing the near side) and the same loading to 80,000 pounds and back to zero 
repeated. Again strain and deflection readings v/crc recorded and arc tabulated in 
Table 3.6. 1,3-3 and Table 3,6.1.3-^tj respcctivci^y. Plots of shear strains and 
deflections versus load for this run ^2 are shown in Figures 3.6,1, 3 and 3. 6. 1.3-4, 
respectively. 

The panel \-rj.n then loaeled to failure in tlie same increiwnts us used on tli'' pre- 
vious run vriUiout recording any llirllier strains or deflections other than monilorin,; 
lh(.' highest I’l'aiiMg, sbe-ar (•a>’;e - i.e,, Vv)','3.1. 'ilie panel failed in a duet,:;]/- 
:;;a,nii''r vdii J'’ a ! '>r»i ol i ft.Kj pounds vfus li'.'.’.ii on tli.'' panel for ten (io) minutes. 







1 I AXIAL GAGES - BACK-TO-BACK 

SHEAR GAGES - NEAR SURFACE ONLY 


Fig*. 3. 6. 1.2-3 - Strain Gage Locations on .150 Inch Thick Be-38A1 Panel 











Aim AXIAL GA^E STRAK PHADIXGS - MICRO DICK/EJ' 
0 HICK THICK BS-38A1 FAKEL, RUH NO, 1 






TABIE 3 *6 •1.3-2. DEElECnOir HEADHSGS IN INCHES OF .15 UTOH THICK Be-38A1 PANEL, RTTI NO. 


























TION READniGS I?I IIJCKES OF .150 IKCK THICK Be-30A1 PAISHL-HU: 
. ROTATED 9G° COUIETER-CLOCKHISE LOOKHTG AT NEAR SIDE) 
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'I’hn fal l I’d panel In nlKiWii In FlKui’e 

A P-I'd. <-f inna,Ture(l ntre.i.'iOR In r.hown in l''l/'ure ..l-f). (i'l/^nre i.G.i. 5-'- 

nhovn otrennen b- low the panel buckUnK loml. At hi,0ier J.oad levo.l. bucklen cm.neil 
dlatortlon in the strain readings). The stresn mduetlon at the center of the pane! 
i 3 attrlb\jtcd in part to the fact that the edee attachments were "inside" the center 
of the load application on the "picture frame" members causing a redistribution of 
loads inside the panel. The results of the shear panel tests are: 


PkAlLURE 

^SfaILURE 


= 120,000 lb. Failure Load, Failed at Net Section. 
= 28,280 rei Failure Stress on Gross Area 




(MEASimED) 


18,850 PSI 


^’Snv/ V =* 13,000 PSI V 

^^^(CAIjCULATED) ) 

To account for reduced stresses at center of panel, assume 
1 Fg^^ « .6 X 28, 850 = 11,310 PSI «=> 13,000 PSI 


Initial Buckling Stress 
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Pafic 3-2^9 

Shear of ,3^10 Inch Hr-3^^A.I. PkjiuI l‘'ollDW3.nt4 Jjaciallacd llicrmal Slicick 

3.6.2. 1 Tent Spcc6ncn - A 22.0 X 22.0 x .iho inch shear panel v/as machined from 
Br- 38A1 LockaJ;.oy in the same configuration as shown by the typical aiumimun panel 
shown in Figure 3»6. 1.1-1 which again was used as a drill jig for the ,lli0 inch 
thick Liockalloy panel. Presented in Figure 3. 6. 2. 1-1 are the actual measured 
thicknesses of the ,l40 inch panel. Table 3. 6. 2, 1-1 presents a tabulation of 
material properties of specimens taken from the same sheet, in both the longitudi- 
nal and transverse directions, from which the shear panel was machined. Included 
in the tabulation are the material properties as provided by the material supplier. 

3. 6. 2. 2 Test Set-up and Procedure - The test panel was mounted into a pin- jointed 
steel "picture frame" as shown in the photo in Figure 3.6. 2. 2-1. 

Thirteen (13) Iron-Constantan, Type J thermocouples were attached with Viton 
along the c-’nterline of the panel in the locations identified by Fig. 3. 6. 2. 2. -2. 

The "picture frame" with the installed thermocoupled shear panel was moved 
out-doors (as a health safety precaution) and supported in a horizontal position on 
steel horses with the plain side up (thermocouples on under-side). The thermocouple 
cables were then attached to the CEC 5“H9 oscillograph shown in Figure 3. 6, 2. 2-3. 

A heat shock was to be applied to the center of the panel with an oxygen-acetylene, 
torch at a specific distance and heat torch settings with the intent to heat the 
panel to 1000 °F in a time span of from 40 to 48 seconds. A special holder for the 
torch, as shown in Flgiore 3»6.2.2“4 positioned the torch tip at the same distance 
from the Lockalloy panel as the distance determined by trial and error on thermo- 
coupled aluminum panels. Once the distance and the torch heat setting was considered 
acceptable, the torch weis placed into the holder and timing of the heat shock test 
began. In the event the thermocouple on the under-side of the torch bccajj'.o loose, a 
hand held pyrometer was used as a back-up to monitor panel temperature. 


• ' 




specimen .. . 
I.D. 

ULTIMATE 

KSI 

.2% YIELD 
KSI 

%e 

1.0” G.L. 

E -A 
PS! X 10 

0r4AS769-a 

49.4 

3.3.6 

12 

27.8 

3NAS769-2L 

49.6 

33.2 

12 

26.9 

3NAS769-3L 

48.5 

33.5 

9 

25.6 

AVG. 

49.2 

33.4 

11 

26.8 

3NAS769-1T 

50.4 

33.8 

10 

29.4 

3NAS769-2T 

50.7 

33.7 

11 

25.6 

3NAS769-3T 

50.5 

33.9 

11 

27.2 

AVG. 

50.5 

33.8 

11 

27.4 

MATERIAL SUP 

PLIER PROPERTIES 

1L 

45.4 

31.0 

9 

— 

2L 

43.6 

32.5 

6.5 

— 

AVG. 

44.5 

31.8 

7.8 


-n 

47.2 

31.5 

13.5 

— 

-2T 

46.0 

31.8 

9 

— 

AVG. 

46.6 

31.6 

11.2 



NOTE: THE AVERAGE ULTIMATE FLATWISE SHEAR STRESS OF 
TRIPLICAfE SPECIMENS = 37.7 KSI 

REF: R.N. PAGES 568956, 568968. 
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W.TERIAL i'ROi'ERTIES OF ,l40 TrL’il THICK B«?- 
^SiLHET HO. HC c3-~i) 
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.141 
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4- 
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Pago 

Afl.or lioliv'. .1 l.o ihormal I.Iki :;aiiie teat aat-up and pmcotiuro 

aa df;:u;ribcd in Uir; rirr..r- i>aru;',raph <»r v/ar: i-f pcal.cfi Ihm’i-. A r.r i.tn 

l.cfst, .loi.-up for fh<j , lltO inoh i.hi'ni i)ancJ i.a aliov/n in - j, 

Dofle<!tiona v/orc rooordnd at. (janii iourl Iru.Tc.'iiiciii up 1 -u and iiiciudj iii; 
poundr., by bac:V:-to-baok dial /Wioa inclailod parallel and normal to Ui< a|>j».l i( d 
as shown in Figure 3*b*?«2*"G« , No olhcr Inslrumciilairion v^a;; usedi 

3, 6 , 2. 3 Test Results - A thermal shock of )|1.9 seconds duration was applied to the 
center of the Lockalloy panel producing an estimated ibOO'^F peak temp' nature as 
determined from the oscillograph traces. The thermal shock test temperature profile 

is shown in Figure 3 . 6 . 2. 3-1. 

The heating rate to the panel during the thermal shock test was estin.ati.d as 
follows. An analytical thermal model A'fas generated for the panel v/hich inciudea all 
modes of heat transfer occurring in the actual test. The distribution of iilm 
coefficient over the plate could be approximated from standard ijiipingement heatirij, 
methods, Reference 1*, knov/ing the torch exit geometry and distance from the plate. 
Solutions v/ere obtained from this model for various combinations of torch te 7 np( rature 
and impingement point film coefficient until the anal.ytical ilierjtial response lor 1 /t;e 
plate matched that of the test. The resulting heating rate to the plate was SO Btu/ 
ft^-sec over a 3 inch diameter circle centered under the torch at test initiation, 
decreasing as the plate heated up. 

An over-all photo showir.g the ''bumi.i' in th' ■■ n'.' r o,' j.an-,.; 1 v,’as 

rcstrain':d in the "picture frame" pig during th*.- ■:h'‘r.’’'iaJ sli<:'K, is sh'-.-.n ^.n 
Figur' 3 .'. 2. 3-2. Th' -: 0 s- -ui* r'-'t-o in Fi,;:r 3.''. 2-3-:. w.: ' );at a 

bead;; w< r- e/;uh d an:i th'"- "b'i;-;p" Ir igi.t a;:'-.r. ;i a; proxtr:At‘ ' y '/■■ 


j • .j « d « j • *•- *j ^ 




•li--li < r ' ar- a ai 


ilium bea/u; r' 


X, iV. {*' 


, jw y 
M r. • • rir;“.' 
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Fig. 3. 6, 2, 3-2 Overall View of Restrained Panel 

Showing Bvunp in Center of Panel 
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pap/1 '^"r’70 

^tl^’ l.ln- 'j)U‘ run l.o (.'.aiJurt; app!l ;i,c(l rrom l<., .1.00,00’) 

ix-uiiil;: Jn P'.>,oo0 pound inuromcntn and Umn at, .10,000 poundr. to failure;, 

A plot ijf (1( I’ 1 1 •(! [,ion vornu;! louds j.;: nhown in i ,( > .2 , . 

Thc> thorjiial nhcjckod panel l‘ai.lcd at 120,000 poundr: v/hic'a iy tho aru.'K,' aa the 
failure,- J.uad of the firr;t shear pane 1, indicating that the heated .area of the 
tlr.rjnal .shocked pani’l., with lov/er atresaes at tho center, was still less critical 
than the not section through tho edee attachments. The failed panel after removal 
from the "picture frajiie" jig is shovm in Fifjure 3. 6. 2. 3-6. 



FIGURE J.0,r\3.n DYE-CHECK INSPECTION OF "BUI-IP" AtTEK EXUDED 
READS OF ALUt-lINUM VfERE miOVED 

DD,>jAlj pAGjaia 
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3,7 TUKKMAL SHOnK TKSTO OF . 09 ‘> Ba-3UA1 AU-0/ 

To obtain preliminary inlormation rc/^ardinj/, l,h<; rnainl-anec; of Lcjeka.U.oy lo 
thermal shook, tv;o samples of ,09i3 ineh thick Be-3oAI alloy slu.-t.t {:ruppli>'.d 
by the Lockheed Missiles and Space Company) were instrujiiented and subjected to 


"direct impingement of a localized oxygen-acetylene flajne. 

The first sample measured approximately 9e ^ 10^ inches and had previously 
been used for a projectile impact test. A thermocouple (TC-l) v;as attached to the 
bach- si d e o f this -specimen, on the centerline of the 9^ inch dimension, directly 
opposite the point of flame impingement. A second thennoco\n-le (TC-2) was attached 
to the back side of the specimen at a distance of 3 inches from the first. The 
oxygen— acetylene flame was held in direct contact with the surface of the material. 
The temperature on the back side of the sample direct.ly opposite the flame (Tb-l) 
reached 1000 °F in li8 seconds. At that time, the temperature 3 inches away (TC-2) 
was only 2^iO°F. This temperature differential of 7^0 F resulted in the area und(;r 
the flame being raised and permanently deformed to a height of appro xitnatej-y .0|;0 


inch. 

On the second sample, which measured approximately 4 x 10 inches, the tlieniiO- 
couplcs were attached on the centerline of the 4 inch dimension. On this sampi' ih 
temperature directly opposite the flame (TC-1) reached 1500 F in C’7 seconds, .rhilc 
the temperature 3 inches away (TC-2) was 325^F. At this temperature the speciir.cn , 
which was supported on each end, drooped approximately .12',> iTvh of its uv.’i’ vc , 
but the local deformation diroi-ify under the was only .0,10 inen, A nmal.i 

bubble of what uppeart'd to be pure alutninujii . vuded froii! the surl'a-.-e ill ■ ■■■;.! 

directly under the flajiU’, as tlie tetnp<.’ratin'e on ihi' back .lice •■I 'In : ' i- 

apprnacbcal ISOO i'. 

Each of the:;'- s;c:ip’l wa:; nnhs'-qii' nt i y insi’'''- i,. ki. ’i'ii' r- vain ■ v: : 

of era-king. Tb- .local kli stortioiu; va cMCinki-'r.d f-'.- -'ll. m' o. *■ c v 
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3.fi QUAIJFICATION TKSTING 


ADP-’s lone standing materials use policy-cails^for,."ia- plant'' qualification of 
all materials for whiclr istatistical-propcrby data i^-lnsufficient*: -Tensile -coupons 
are pj?»{KUMid-from each piece of such materfais ancUare tes%ed-prior to t^eir-reiease 
to production for uitlmate 'aiid yield stfTsngthi_B£ECent elongation^ and modulus-ST 



afe- in addition to 



fumed and 


. the Mate-fiaL suppliers . 


In-the-casa_of-±he-iockailoy shaet material j bee a uRp of thp-H pia yp i n deliveries, 
and the^4irgency to release mat eri a l to production as^oon as it became* available, J:h^ 
qualification testing vas --dope-coacuf rentty.jdth_f abrltration of the panels— Coupons 
were made -from remnants of eachr-sheet> but because of the irregular shape of the 
remnants, coupon alignment with sheet grain was not attempted. The coupons, where 
possible, were taken i-n two mutually perpehdic'ular directions indicated as A & B. 

Table 3.8-1 presents the results of ADf^Flualiflcation testing— KBI tensile values, 
in the longitudinal and long transverse grain direction, as available, are 3.isted 
for-comparison. — The-j'olIJhg history of each sfieet dumber of rollings in the trans- 
verse -direction) is also indieated-. 




TABLE 3.8-1. material QUALIFICATIOII 













I 


I 

I 


I 

I 

I 


I 


PaRG 3-^'7y 


■^r 


MAWRIAL QUALIFICATION - TA6L£i_<ConHnu*d)_ 


■■ _ ’ 


A09- TESTING 




KBI-TEST4NG 




- _ • *■ 

Sheet- ■ 
I.D^ 

r 

Cbupolt 

Direction 

^u 

KSl 

1 

■ 


■■■■ 

El 

IS9 


m 

IB 

No.. 

- of 
Rolirngt 

1 - 

mM 



16l-<4 

.150 

- A- 

(3) 

'm- 



L— 

-50v9- 

-35J 

13> 

3 






T‘ 

3 a 1 

12 - 

24.4 


50 

-aA.O 

8.8 



-w 



B 

53.0- 

3S.9 

•8.5 

29.3 

■ t 

51 .2. 

30.5 

15.8 



.1 




S2.7- 

39,2 

7.3 

27.8 


51 JD 

38.2 

13,1 



■ 

141-5 

.125 

A 

52.4 

33 J9 

VI- 

29.4 

L 

53J 

36.4 

11.6 

4 

” ' H 





52.3 

33.7 

11 

26.4 


54.3 

39.7 

11.5 


1 1 

■ .™ 



B 

49.7 

32.0 

9 

29,7 

T 

52.3- 

39.8 

10.4 


1 

: 




51.1 

34.8 

10 

29.4 

1 

52.7 

38.8 

9.8 




197-2 

.150 

A 

51 .5 

34.3 

11 

32.7 

L 

53.5 

37.4 

10.3 

4 

r. . 





52.2 

34.8 

11 

27.4 


53.4 

34.9 

10.5 






B 

N.A. 

N.A. 

N.A. 


T 

53.4 

36.9 

14.2 













51 .4- 

-34.3, 

... 7.2 




T97-3 

.150 

A 

52.3 

36.9 

9 

29,2 

L 

51.9 

34.9 

11.8 

3 


■* 




53.4 

37.9 

11 

31.4 


50.7 

34.9- 

14.5 



CL.' J- 



B 

53.6 

37^ 

.10 

40.8 

T 

514 

34.7“ 

11.i 

3 


. 




52 X 

34 

9 

27.1 


50 J9 

34 J 

8:2 




197-4 

125 

A ' 

57.0 

35 j 

11 

29.0 

t- 

54,6- 

40.2. 

14.2 

3 





52^ 

31.6 

13 

31.4. 


54.8' 

40 JO 

9,4- 






B 

N.A. 

N-.A. 

N.A, 


T 

52.0 

34>2- 

LI .5 



** 




N.A. 

N,A. 

N.A. 



5i>2 

36.5 

12,2 




22Z-1 

J50 

. A 

51 .5 

34-.4 

9 

38.8- 

L 

35.2 

38.0 

10.7 

3 

1 

— 

• 



5T.r 

».3 

10 

28.0 


50.3- 

39.0 

5.4 



— 



B- 

50.4 

35*3 

10 

27.4— 

1“ 

52.8 

36.5 

13.7 



'r" “ 




49.9 

35.4 

8, 

27.7 


55.4 

37.0 

8.8 



‘ ^ -- 

227^ 

.125 

A 

5r.7 

35,4 

10- ■ 

28:6- 

— L 

53.0 

36.4 

13.0 

3 


— 




51.4 

35.8 

10 

28,2 


54,4 

37.3 • 

13.2 






B 

51 .7 

35.2 

TO 

33.5 

T'“ 

51 -.3 

37.8 

4.0 



*— — 




5t.1 

35t4 

8 

34.6 


55.0 

38.2 

11.7 



~ 

227-J 

.150 

A 

51.6 

35.6 

9 

28.5 

L 

53.9 

39,2 

11.1 

3 


- ■ 




50.8 

34.5 

9 

26.8 


55 

39.2 

11.6 






B 

52.1 

35.9 

12 

3t.7 

T 

52.8 

38.4 

12.1 







51 .7 

34.3 

18 

24.6 


54.2 

38.4 

11.5 
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TAME 3.8-1. MATEKIAL QUALIFICATION (Continued) 









(1) FAILED WAR GAGE POINT " 

(2) FAILED OUTSIDE GAGE LENGTH 

(3) FAILED AT SCRIBE MAAK- 

(4) R.N. PAGES 568560 AND 568563 THRU 568566 



TABLE 3.B-1. MATERIAL QUALIFICATION (Concluded) 
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3.9 MISCRLLANfiOUn TRHTG 

Mir Tg L >j . TO tid-aii-part- £U-.lJ^Z ^m; U^u:'ra I cTliuran tori xatinn r.tudy 
included special tensile test;; to evaluate the short tran.svorsc strength of Ixx;k- 
alloy plate, and cyclic rovornod bend tests to dotonnlne whether cold bending 
ceald be empioyed to correct minor discrepancies on formed-iockalloy parts. These 
tests "are described in the following paragraphs. 


Page 

3 , 9,1 FiVifiri. nVnnajgfiXjjo Rtroftgth _r SiK.'clal. t-otiall.o tfjr.t.'j wijaui_ 4 ion(lu«tt!{l to cva.l.uutn 


tht;- short transverse-s4rength of LockoJ-loy plate, Thnai-aifMx><;t^imIaxd-.gpao iwieHs were 

made from a , 2^0 Inch thick Be-30A1 plate (Hoatt HCl6l!-3)— which waa-used_ln_thc 

materia], chajfacterizatlon program, Th& coupons were machined per drawing TH-100 
aa-ahowo-ott-page B-I6 in-the Appendix with the exception. oi the fillet radius 

■Which ^as conaldexably smaller than the J13 radius specified, .The.jcadlus was 

estimated— to-be.., 003 to ,006_ inclu — Re-lfl£oiu:.iag-Steel-.plates were bonded to the— 
coupon- flanges to ia:;eYent_f lange failures. Figure 3. 9. 1-2 shows the three Lockalloy 
coupons prior to testing. Figure shows the coupons wd-fch the loading- fixture 

"in place. 

Because of-the geometry of the specimens and the mahner of loading bending 
stresses and high stress concentrations are present at the vicinity of the fllle't" 
radius ♦ — The-calculated failure stress, therefore, cannot be considered as establishing 
the tensile strength level -in the short transverse direction for this material. 

Rather, it represents a qualitative me asure-of - its strength -in this direction. The 
average failure'stress of ’the plate tested was approximately 32^ of the ultimate 
stress in the longitudinal and long traiiSvefse grain direction for this plate. - -- 

By way o f ~ trotnpar i s oh ,— a bare plate' of-the same thickness, tested identic alijL,, 
fail^ at"22-?t of its longitudinal or long~ti>ansvefse ultimate strength. Examinatian. 
of the fractured §urf«ce shows^- that- failure, -in- tvro of the three- specimens tested, 
started in two parallel planes as evddencecUb.y loose platelets shown in-Flgure 


3,-9. 1-3; 

The relatively high short transverse to longitudinal strength ratio, however, 

does not suggest any in-plane weakness due to de lamination". 

Table shows the test results for the IxDckallcy and the V0Y5-'1'6 Alumimun 

al]oy. Table 3«9»1“2 shovfs typical longitudinal and long transverse properties for 
compar-j ffon? 




AftEA 

-IN2 


J098 

.rots 

.1098 


LOCKALLO't 

SHEET.;-HCr.ldl-a:.. 



ALUMlNliM-AULOY 



2080 

18740 

2040 

18580 

2200 

19820 

AVG: 19050 PS1 


TABES 3,9.1-3r. TBTilSILE STEfiNGTK-SHORT TRAMSVERSE QRAIN 

DIEEdTION 


LONGlTUDWAl 


LONG trams VERSE- 


-KS1 

n 

mm 

%e 

SPEC. 

NO. 

-KS1 


%e 

51630 

36400 

9 

5T-1T 

49680 

36050 

8 

51450 

36580 

9 

5f-2T 

50240 

36170 

9 

50890 

36470 

9 

5T-2T 

49600 

36200 

9 

51350 

36480 

9 

AVG: 

49840 

36140 

8.66 


TABIE 3. 9 i 1-2* TENS HE STRENGTH pROPEETIES~IX)NGrrUDINAL 
AND TRANSVERSE GRAIN DIRECT lON-LOCKALMT SHEET 161-3 






















LONGiTUOlNAL . 


LONG TRANSVERSE 


wm 

— 

m 

— 

SPEC^ 

n 


B 


BqI 

NO. 


-RSI. 

■■i 


80100 

12.0 

1 

8680O-— 

76800 

■ 

11 

2 

84900 

80080 

11.5- 

2 

07100 

77600 

10.5 

AVE: 

85100 

80000 

11.7 

AVEt 

87000 
— 1 

7^00 



LOCKALLOV strength .RATIOS! 


SHORT TRANSVeSSE 
- DlTI MATE -LONG. 

= 

''s .T . 

= 

16000 

smr 

SHOP t TRANSVERSE 


•\.T. 


16000.- 

49846' 

OSwSAIEiL-J^. 


^L.T. 



ALIIMINUM AUDY RlATE - ZOZSjaL-- STRENGTH RATI^t 


SHORTltSANS-VERSE 



19050— 

HaiMAIE=LbHG7~ 



85166 

SHORT T'RANSVERSt 

^S.T. 


19050 

ULTIMATE-L.r. 

8 . 

'"l.t. 

9 

§7o§5 



TABI^: 3. 9. 1-3. AKMmJM ALLCfY - 7075-T6 (SAtffi PIAIE USED FOR. SHORT 
TR/JJBVERSE TESTDIO) - TB5NSILE STRENGTH, L & Iff GRAIN DIRECTION 
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3.9*2 Cyulic H<.'vi:;rr.(;d Bond Tniit - Thf follovinR non-standard tr-st was pGrformnd to 
asc(!rtaln whether u mild cold "Check and Straightenine" operation could be used as 
a corrective^abrication process on Lockalloy parts without affecting the integrity ' 
of the’materfal. ■ 

T5xe test-nrijnsistHd' of_cycd.irrg a strip of Lockalloy through a.-mversm bend 
loading-vririle perfodicaily monltori'ng the modulus of-elastlcfty in hotit-loading 
directions, — The... specimen -Was a remn«art-piece of- Be*i08Al,_— 125_.tbiTck by 1,28 inch- - ■ 
wide and approx iJnately’ 10,0 inches long. It was loaded,:::as— a simple beam_over— a__spafi 
of 5,-0- infthes-with-...the load applied- at mi4span_by means of a-Wiedemann*Baldwin 
testing machine. A deflectometer periodically recorded the deflection at midspan versus 

loed. The test set-up is shown in Figures 3^9*2-l and 3.9-2«2. The-applied load 

was 91.2 lb. resulting in a bending stress of 29,800 PSI. 

For the first and every tenth loading cycle thereafter the specimen was loaded 
twice on the same side before reversing it and repeating the procedure on the other 
side. During these cycles, load-deflection curves were recorded. The test was dis- 
continued after 101 loading cycles. The strip was then inspeeted by Zyglolng and waff 
found to be free of cracks. - 

The test data was reduced to” modulus of- e las ticit3r-and the values are presefited 
sepagately-.-jFor-tb o f irot r and second leading in Tables 3. 9 . 2-1 and 3 . - 9 . 2-2, 
respectively. 

The Increase in stiffness found on all of the second load appHeatieTne -is 
e^dently S. characteristic of this material, Md it waS observed on other similar — 
tests. The fact, however, that the modulus of elasticity, for each loading, did not 
show any significant change through the 100 cycles of load reversal indicates that 
the material remains structurally sound. 

On the basis of these test results and since the anticipated straightening 
operation was not expected to impose any more severe conditions, "Check and 
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TABIB 3 *9 *2-1 CTCLIC EBVSlflE BEHDIRG MODOTAJS OF 

ElASTICm » FIRST IjQAimia 





TABIE 3*9*3«2, CTCKCC JIEVEME BBKia^a.I^ODUH® OF 
EiASTicirr-sEe^ 
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The material characterization program f«j?- the Be-l43Al and Be-3BA1 Lockalloy 
-4ftafeeriol 1 s.“ewfiiar4*ed as follows i 

The supposedly reported better bending characteriatics- of the Be-43A1 
i«okalloy o\^er-the Be^S^Al Lockalloy wete found to be — es s entially equivalent in 

this ‘ test-program . There Jiorp , T lOn kadloy. Be - 3 8 A1 would-be-recommended for any 

future major- application of LockaUoy^i. _ 

On the basis of the forraability tests pefforffied on the L©eka±±oy Be"38Al-,_L£_ 
appears ’that" acUfcLtibaal.- effort— is-desl Table to better -define fomability and -deter- 
mine -appropriate- annealing and heat treating cycles for the materiaJ., 

Considerable test scatter wias— exhibited -in-the tensile and compressive modulii 
of elasticity of the Lockalloy material. This can be explained, in part, by the 
difficulty experienced in establishing a tangent to the small straight-line portion 
of a basically non-linear load-deflection curve characteristic for the Lockalloy 
material. A contractor funded test program (not part of the Statement of Work for 
this contract) has been initiated to determine a modulus of elasticity from coupon 
data, such that it will be consistent with measured stability allowabler ofi plate 
or column specimens at room temperature. It is probable that some limited testing 
will also be accomplished at 600°F. 

Modulus of elasticity values as obtained from the axial strain gages used on 
the Poisson*^ ratio tests, exhibited less scatter us contrasted to the conventiona] 

method of data obtained using extensometers, at both room temperature and at 600°F, - 

The strain gage approach may be the most reliable method to detennine the modulus 
of elasticity of Lockalloy material. 

Exposure of tlie Lockalloy material, to L0f)'^F for .100 hours \/us f jthoi' >'(;pilya.lent 
to or better than any of ^.>:e material pmijerl.i cr. of <1 r.at'Tial v/lrui 

< J 

tested at room temp'‘rat\ire < i' at L<JU 1. 


'Hill 
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The /'al.ltiiu; l iCtr of’ a X cjx't'.imen, dclihoi’al.eJ y acrn l.<!hea aero;;:; j. I,:; 

t.e;it ccetion wit.h a tor<|ue ;;ol, rec;e:;a driver, ia better tlian a K. 3 ;;peeimen 

T/ 

either ;it room temperature or at 600 °F. 

The fracture touf'hneas of Lockalloy, sheet and plate is equivalent to or 
better- -than 202lr-T3 aluminum based on the residual stfenjjth-T'atio, R , as defined 

SC 

in ASTM E-399- Valid Ifej.^.v4ilues were not obtained, since specimen minimum tWekness 


of more-bhan one inch 


required in order to obtain valid values-.-- For 


extruded Lockalloy material, such as used in the ventral fin leading and trailing 
j£dg6s, the in the extrusion— direetion was much better than Lockalloy sheet or 
plate, but in the transverse direction no valid value could be obtained on the one 
specimen tested as defined by ASTM E-399- This implies the material may have poorer 
fracture toughness in the transverse direction than exhibited by sheet or plate. 

Crack growth rate characteristics of Lockalloy on a noimalized basis (alter- 
nating stress Intensity/density) is approximately 3 x inches per cycle as com- 

pared to a typical crack growth rate in titanium or aluminum or approximate] y 

-5 

2 X 10 inches per cycle for an assumed crack size of .2 inch long in the center of 
a wide panel operating at a structural efficiency (strength to density ratio) of 
200j000 inches. 

No evidence of stress corrosion cracking was encoun.tered.of .bare and pro- 
tected (Alodine 1200 or ADP high temp, aluminized paint) specimens coated with 3.b 
percent salt. The specimens were stressed at 3‘j ksi at room temperature and 10 ksi 
at BOO'^F for 100 hour exposure. At the conclusion of the test, f-rom all appearances, 
the ADP liigh temp, aluminized paint .system offered the best pi‘otcctif)ii. 

IjL.'Ckalloy J :: sub.p.'et to gal-yatslc -uid r,ciioi"i] ;’oiToslc>n alt-act if not pro- 
l.etrteti, ;;imi l:ie to aJuininum aiJoy:;. ADP lii'^h tempera turi.: al.ui:;: til ..ed I 'liti] pri -vi 'if.-: 


c.'x-.'c J If’til p 3 ‘i rifi ■^;'■lir!:■t g'li v;irii ■■ -uid !';eri'.’?"i 1 ci^ri'o;: i on 


:;-i! . ' -:nt 1 -il.-.i 1 ■/ 


■I. be ]• ’00 i.o'ur .;ai7aiiic Iccl ai.u tc bj Jiuui- gcii-aiai. aoi'i'o;; i < -i 
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shock ami Die oLlicr withaiji any prior lieatiufij CalJcd at the siunc ioaxl ol' 

120,000 poundf: throvxf'h the net section of"~the edp.e' attachments. Itiis indicates 
that the heated area of the -thermal shock panel, with the lower stresses at the 
center~uf~the panel, was still less critical them the net section through the edge 
attachments. , .l!, — 

Th^’special. tests Qonduoted-- to evaluatfe-.the. -strength in the short transverse 

drirectioii of Lockalloy plate showed- a ratio of 32^ (average. S.T, strength/Long, 

ultimate- strength) as compared to a-»atfo of 22% for an identical specimen in 7075-T6 
material. The relatively high short transverse to longitudinal strength ratio does 
not suggest any in-plane weakness due to delamination for the Lockalloy material. 

On the basis of the test results of the cyclic reversed bend tests, since the 
modulus of elasticity did not show any change through 100 cycles of load reversals, 
indicates that the material remained structurally sound. Mild cold "check and 
straightening" W6is therefore approved and was used successfully to correct a forming 
deficiency on one of the ventral fin surface peuiels. 

Test results of deliberately scratched lap-shear joint specimens with a 
torq.ue setr recess drivef showed no effect when scratched normal to the applied load. 
Scratching the specimens parallel to the applied load showed a decrease in the failing 
loeid. — Howev e ix,-it was still considered to be within the normal test scatter 
encountered Triien testing lap-shear joint specimens. 


SKCTION 4 


4.1_ DESIGN CONCEPT 


DESIGN CRITERIA 


The two \mdexlylng .objectives .in. the ventral fin design were simplicity of 
constructiSh and increased stiffness. To obtain the required stiffness, Be-38A1 
Lockalloy, an alloy conaisting of 62 -percent- beryllium and 38 percent alumin\im,_Haa 
selected -.as-the_pri-noipal structural material. Lockalloy is an extreme. !! y-- 1 i gbij- 
weight .Alloy thj^, h^ a modulus- of- elasticity which approaches that~of steel. It is 
ideally suited to applications where compression loading' is a factor. In order to 
exploit these characteristics, a semimonocoque design was chosen. In this type of 
structure, relatively thick surface panels absorb the primary internal loads - a n d - t h e 
substructure merely serves to support the panels and provide a stabilizing effect. 
Two main characteristics of the ventral fin design thus are a light titanium rib 
and beam skeleton and Lockalloy surface panels. For simplicity, a symmetrical 
hexagon airfoUwas chosen since this section consists mainly of flat surfaces, and 
panel bends are needed only to form the leading and trailing edge wedg?'=. 


4.2 STRUCTURAI^JUiALYSIS 

A structural analysis was accomplished early in the program to verify the 
structural Integrity of the ventral fin design. — A-mathematical model of the ventral 

TlTi was set up and the NASTRAN structural analysis computer program was utilized for 

« 

calculating and distributing internal loads and stresses. External loadings, critical 
internal loads, and stress calculations resulting therefrom were published previously 
in Lockheed-ADP Report Ho, Sr-4400, dated lY July lyY'.j* 
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4.3 SUBSTRUCITJRE DESIGN 

Th« substructure (Pigure 4,3-1) is a riveted network of titanium ribs and beams 
fabricated primarily from annealed ,050- inch. Ti~13V‘-llCr«3Al^ material. The beams 
are joggled to provide a smooth intersection with the ribs. The root rib is of 
Gonstdnt thickness between the front and rear principal beams. The ventral fim 
contour tapers uniformly from the root rib to the tip rib . .. The .design emphasizes 
aimplioity and ease of fabrication anii-allcsts-Jihe bulk of the sheet- metal tcr“be.- 
sheaaed i n -the flatponly a minor amount of profiling is required.- The design 
further— s-pfeclfies. -that -ol] — sheet-metal -forming is to~be done cold on a brake .or. a . ... 
Verson press. The joggles are standardized to reduce tooling costs and are done on 
one joggle block using shims to control joggle depth. — Detail parts are designed for 
fabrication using standard machining operations. No patterns are required. Screw 
holes are provided throughout the substructure for attaching the Lockalloy surface 
plates. Fittings for attaching the ventrsil fin to the airplane are installed at 
the two points where the root rib intersects with the front and rear principal beams 

4.4 SURFACE DESIGN 

The surface contour of the ventral fin is essentially flat, except at the front 
and rear secilons .where— a slight taper is introduced* The skin-like surface is 
provided by 32 Lockalloy panels plus Lockalloy leading and trailing edge members. 

The panels are fabricated from Lockalloy sheet material of ,J25-inch and . 150-inch 
thlcknes'SBS". Twe 1 ve ■ of- the p an b Ie re quired forming to produce the re5.Ulred curva- 
tures (approximately 3*-dcgree, g, 5-inch radius bends) in the vicinity of the front 
and rear beams. All panels were designed for screw installation for two reasons: 
Rivets would have to be squeezed instead of bucked, and access, at least fi’om one 
side, is required to install and servics.’ instmunentation. The left-hand panels ar'> 
installed using hex nuts and the right-hand pan' 1;; using plate nuts. Ihe d'“s.i('n thu 
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l)rov:l.il' for ucccua I’rom . ilu; rif'hl. ;:i(lo oniy. Th(- P^-adlnf' and trailing, (-dix- mciubnrn 
(i!’iguro~4.4-.l.) urn muchinf'd I’rom extruded Lochaiio^' bar utock to luajyido a d< .-.ij'natfd 
tupf.'r and a reeran ff>r inntaltatJ on of the aurfaee i)uncl.'j. Fif'iire 4.4-2 ahov/a the 
partial.ly eonipleted ventral fj.n as it appeared duriii{' installation of surfaeo paneJ.s, 
and Fifiures 4.4-3 and 4,U«4 .£ihow the completed fin rfith and without panels installed. 

4.5 FLIGHT TEST INSTRUMENTATION 

One of the requirements of the ventral fin design vras that it contain provisions 
for installation of flight test instrumentation.... (Ground test instrumentation, i.e., 
strain gages and deflection gages, were temporarily attached to the surface panels of 
the fin externally F.t specified locations during the tests but did not influence the 
design.) The flight test instrumentation specified by NASA included 20 dynamic 
pressure transducers, 2 scannivalves, I9 strain gages, 10 thermocouples, 3 accelero- 
meters, and a probe for measuring angle of attack and yaw. To accommodate these 
instruments, 80 pressure ports (type NA3718) are provided at specified locations for 
ulLimate connection (by NASA) to the dynamic pressure transducers; mounting pro- 
visions are incorporated for the dynamic pressure transducers, the accelerometers, 
and the probe; and cl'unps and routing holes are provided for installation of the 
NASA-supplied wiring harness (sec Figure 4 .4-.4) . The design also specifies the 
locations of the strain gages and thermocouples which were installed by Lockheed-ADP. 
In addition, appropriate space is provided at specified locations for installation 
(by NASA) of a "patch panel" and an "electrical connection panel." 


4.6 DESIGN SUPPORT C^IPOID'JNT TESTS 


Various tests vn.'ri’ performed whenever 
the overall design. 'J’hese included etiiupiv;; 
tests, and panel stiffness tests. These' le 
paragrafdis . (Note; Ad(3i-tional de’tai.ls eon 


required to validate eeriain aspee-Ls 
.slot) splice tr.-jts, eojepr' s.d.oii stulii.l 
sts are eP'seribed in tii" fc.\! ;■ ovn‘ nr 
• rninr tin* i;o:;.pi>.'Ssici' sijii.;' i- s'...: 
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31 X 31 X 4 inches, is shora in its test fixture in Fi/^re 4. 6. 2-1. For economy, 
annealed 321 stainless steel was used on this specimen to simulate the Lockolloy 
surfaces. (Annealed 321 has nearly the same modulus '>f elasticity and compression 
yield strength as Be-38A1 alloy and also has a compression stress-strain curve 
which closely approximates that of Lockalloy.) The titanium substructure in this 
specimen was thus representative of the ventral fin substructure. The specimen was 
loaded in bending to produce compression in the upper surface. Test results, which— 
are presented in Volume 2 ,_Appendi3n_D_Qf_thtg- report, confirmed that the titanium sub 
structure would provide adequate support for stability of the Lockalloy surfaces to 
compression stresses considerably in excess of the design ultimate stress for the 
fin. 


4 . 6.3 Panel Stiffness Tests - Modvilus of elasticity is the most important material 
property in a stability critical structure such as the ventral fin. Modulus of 
elasticity values for Lockalloy, determined from tensile testing, have exhibited 
considerable scatter. This cm be explained, in part, by the difficulty experienced 
in establishing a tangent to the small straight line . portion of the load-deflection 
curve that is associated with the low proportional limit of this material. 

Actual ventral fin panels vrhich, by virtue of their rectangular configuration, 
could be subjected to bending loads, were tested to determine bending stiffness. 
Six panels were tested, all of which were formed and therefore subjected to the 
thermal stress relieve treatment at 1050°F. Data for a seventh panel was obtained 
by testing a re.rnant from the Lockalloy sheet used for that panel. 

The test consisted of loading the panels as a simple beam incrementally to a 
total load of 100.24 pounds, v;hile monitoring panel deflection at the midpoint. Tho 
loading cycle vras repeated wicf:. The loading arrangement is shov/n in Figure 4.o.3-;i 


ffiUJKDmt PAGE BLANK 


FUMED 





P/I(rp h-l'[ 


LOAD LOAD- 



PAN&W 


Fie. 4, 6. 3-1 - Panel Stiffness Test Loading Aixangement 


The effective modulus of elasticrity for each panel at the test stress level 
was determined from the cross-section and test data by means of the beam-deflection 
theory. Table 4. 6. 3-1 presents the test data and the calculated effective modulus 
of elasticity for each of the panels tested. 

4.7 DESIGN CHAJiGES 

A nxmiber of design changes were made after initial release of the engineering 
drawings. As a result of the joint strength tests described iii Paragraph 4.6.1, 
titanium splice straps were added on the exterior surface wherever spanwise joints 
occurred.- -This, was done to reduce the eccentricity caused by 'ne thick skin and 
the thin substructure.— The strap was made in two pieces between each rib to pre- 
vent the thermal expansion of the strap from loading the screw heads. Design 
changes were also made to accommodate smaller surface panels which were required as 
a result of accepting 40-inch Lockalloy sheet material from KBI. The initial design, 
which called for 20 surface panels, was revised to incorporate an additional chordwisc 
splice in the surface panels and thereby allow use of 32 smaller-size panels. 'Ihe 
splice was made on the inner side of the skin in the vicinity of a rib. The pane] s 
were undercut to accommodate the splice plate and stiffener angles were added. 

In addition, several design changes wore miide as a result of the ground tests of 
the completed ventral fin, A review of the strndn gage data obtained during the 



TABI£ 4,6 i 3-1. MODULUS OF ELAS5ICITr TilST DAUTFOR SURFACE 
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proof load tests indicated that stresses in the lK)ckal]oy surface panels, near tin; 
root of the rear bearn, v/ere higher than had been predicted earlier. The titanium 
substructure was subsequently reinforc^jd to provide increased edge support and pre- 
clude possible instability failure of the surface panels in this area between limit 
and ultimate loadings, Sevefai_£Qrmed_,tiiianium..angles were installed inside the 
existing spanwise tit£miuin splice channels to it jrease the support capability of the 
substructure at the panel Joints. 
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SECTION S 

TOOLING EEQUIKEMENTS 




One of the guiding philosophies in the design of the ventral fin was to hold 
tooling requirements to a minimum. ..-iChls. was accomplished by eliminating hot sizing 
of the titanium substructure detail parts mi nimlzing-bends-ia-the- surf ace panels, 

and also by using multipurpose flat templates and Verson dies. The tooling that was 
used for the fabrication and assembly of the fin is described in terms of substructure 
tooling, surface panel tooling,, and. assembly tooling. 

Substructure tooling consisted of flat templates, Verson dies, one joggle die, 
drill templates, and drill bushings. The flat templates were made from aluminum 
sheet material using standard shop practices. Whenever possible, flat templates were 
designed for multipurpose applications (fabrication of more than one part). Versor. 
dies were used for fabricating the sheet metal ribs and beams. Owing- to the common 
taper of the leading and trailing edges of the ventral fin, some of these dies had 
multiple applications. 

As an economy measure, the. substructure was designed so that only one joggle 
die would be needed. This concept was based upon using a common joggle length and 
varying the joggle depth during the fabrication process by adding shims to the 
Joggle block. - - - - 

The predrilled Lockalloy surface panels were used as drill templates for 
drilling panel-mounting holes in the substructure, G?his served to ensure accurate 
location of the holes. During the drilling process, a drill bushing of appropriate 
size was inserted in the holes to isolate the drill bit from the Lockalloy, ther^-by 
preventing beryllium contamination. Drill templates made of aluminum plate were used 
for drilling the attacViment holes f(;r tlie hinge fittings, except in certalti instances 
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whero holfs had to bo drillod uaing the af-’tuat rittijii':; a;; dri.'.l templai.oi!. Drill 
bushings were provided for this purpose. 

5.2 SURFACE PANEL TOOLING 

Surface panel tooling consisted- of cerainic forming dies, flat templates, 
and fiv t urpR, Two male ceramic, difes.. were used to bend the 12 Lockalloy surface 

panels that-required forming, one for the forward panels and one for the aft "panels. 

Left-hand and right-hand panels were formed on the same die. 

Plat templates were -used to fabricate the surface panels. These ..templates were 
made out of aluminum sheet material. — Each-template wan cut to the same size as its 
associated panel and had finish-size holes. The templates were used for locating 
and drilling all mounting holes in the panels and for profiling edges. 

Two special drill fixtures were used to facilitate drilling the mating holes 
in the leading and trailing edge members and their attaching panels. Separate 
fixtures were employed for the leading and trailing edges. The fixtures held the 
leading (or trailing) edge member and the six adjacent panels in place as an assembly 
prior to in-line drilling; they also served as drill guides when locating and 
drilling the holes in the panels and the leading (trailing) edge members. 

5.3^ ASSEMBLY TOOLING 

Assembly toolin g - fo r the ventral fin consisted of a single assembly jig. 

As an economy measure, the assembly Jig that was used for the original all-titanium 
ventral fin-was adapted for this application. — Considerable modification was required, 
however, except for certain areas in the vicinity of the root rib, the tip rib, and 
the front and rear hinge fittings. This was necessary since the planform of the new 
fin differs somewhat from that of its predecessor, 

A minimum number of locators for substructure ribs and beams and for the lca/.iing 
and trailing edge members were added as required. This kind of tooling was held to a 


minimum by InntalJ.infj the panels in a ffiven seq.uenee, ctartln/' vrUli the leading' 

— and trailing edges and the tip panels. The panels were located, one to the other, 

^ using spacers in between to provide for thermal expansion gaps. 
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SKCTION C> 

FABRICATION AND ASSEMBLY 

Fabrication and assembly of the ventral fin involved fabrication of the 
principal members and detail parts of the titanium substructure, fabrication of 
the Lockalloy surface panels and leading/trailing edges, assembly of the sub- 
structure, installation of flight test instrumentation and associated wiring, and 
finally. Installation of surface plates and hinge fittings. This section covers all 
of the above operations. However, since this was the first significant application 
of Lockalloy as a structural material for aircraft, added emphasis is given to the 
operations entailing machining and forming of the Lockalloy components of the ventral 
fin Bind the safety precautions and safety tests associated oherewith. All fabrication 
and assembly operations were accomplished at Lockheed-ADP' s production facilities, 
with the exception of Lockalloy machining operations. These were accomplished out of 
plant by selected vendors that had the special equipment needed to collect the 
beryllium particles produced by the machining operations. 


6.1 PANEL fabrication 


The ventral fin surface structure consists of 32 Lockalloy panels of varying 
shapes and sizes, plus Lockalloy leading and trailing edge members, TVenty of the 
panels and the leading and trailing edge members required only machining. However, 
the twelve panels located over the front and rear beams of the ventral fin requir<!d 
both machining and forming. Tlae forming mold lines of these panels define Uie 
foivard and aft wedges of the ventral fin’s cross-sectional configuration. The 
machining and forming operations are described in the following subparagraphs. 


6.1.1 Machining Operations - The surface panels wcr< 
inch I/jekalloy sheet material. The f lat pati'.’.ls were 
bundsav/, Icavin;' abcjut J /B in-di for [if’ripheral trim. 


made ell. her from .IPp ur 
first c‘ut tr? upproximatf s 
Th''y w<'r" th> n ij.a-'hi !.■ >i t 


, I 

i/." by 



Papn n~? 

and mounoinf', hole« woro drJ.lIod, Burfunn panoln that attar.-h to thu 
toudlnf' and trallinf' ndf'o members v;erc drilled on three sides only, ior rt.-usons 
deseribod In the next parat'raph. On the panels that req.uired foiming, two elongated 
indexing holes were j.noorporated in tabs extending along the bend ].ine of the panels. 
The bend edges of these panels were trimmed to finish size prior to lormingj however, 
the remaining edges were not trimmed and the mounting holes were not drilled until 
after forming. All machining operations were accomplished in accordance with 
templates supplied by Lockheed-ADP. 

Leading and trailing edge members were machined from extruded Lockalloy ..bar 
stock to provide the required tapered cross-section and the recesses on either side 
which are needed to permit flush installation of the overlapping surface plates. 

Holes were then drilled simultaneously in the Individual leading (or trailing) edge 
-member and the surface panels that attach thereto. Special drill fixtures were 
supplied by Lockheed-ADP to serve as drill guides and also to hold the leading and 
trailing edge members and their associated panels in place during the drilling 
operations. 

6.1.2 Forming Operations - Forming operations were accomplished at Lockheed-ADi 
after the peinels had been machined as described earlier. The forming was relatively 
simple, consisting of a single element constant bend of approximately 3 degrees. 
Preliminary tests, performed hot on narrow coupons, suggested that an R/t ratio of 
l6 would be a comfortable minimur value to use in the design. A bend radius of 2,5 
inches was selected, based on the thicker gauge (. 150 -inch) panels. A forming 
temperature of 105o'^F for a period of 1 hour was selected as a combination forming 
and stress-relieving cycle. This cycle was selected because it app'.-ared to involve 
the least risk of failure. Since limited time was available for development work on 
this pro/^rom, no attempt was made to optimize the formlnr, and strf'ss-r' .1 i ■ vi n,' -yo le. 
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SingJo, mole, caat (icrajnic! (glasarock) dins W(!rn used. Bnnauso of the 
differeiKie in bend angle between the front and the rear bcEU'.i panels, two dies were; 
made. Each die incorporated two sets of Indexing holes to accommodate th«j different 
size panels. The eight smaller panels with bxi approximate bend line of 11 Inches 
were formed first in accordance with the following procedure: 

a. The blank was first washed in an alkaline soap solution, 

b. The die was then preheated to 1050°F-and lubricated by spraying 
it with a graphite lubricant (Everlube T-50)» 

c. The blank was loaded on the praheated-die and indexed by means of 
drop pins. 

d. The blank was then covered with slip sheets in preparation for loading 
with weights. (Slip sheets were .016- inch thick commercially pure 
titanium. Two slip sheets were used, one on either side of the bend.) 

e. Preheated dead weights were then placed on the slip sheets. Stainless 
steel bars and plates were used for this purpose. 

f. The die assembly was then placed in the furnace and heated to 1050°F. 

This temperature was maintained for one hour. External thermocouples 
were placed against the die face to monitor temperature. 

g. The loaded die was then removed from the furnace and allowed to cool 
overnight to room temperature. Al’ter cooling, the weights were unloaded 
and the formed pai’ts were removed. 

h. After being washed and Zyglo- inspected, the formed part was sent to the 
outside machine shop for finish machining. 

The above procedure proved to be highly successful in forming all of the small 
panels, bend definition and angulai'ity were? good and all of those panels were 
fonned at the fio‘.",t attempt. The name procedure was therefore used for the fc;ur 
] arg'-r panels. '.iVo of th-sne puuels hal 3^)-inch bend J.ines. 
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The initial effort to form one of those panels using the above procedure did 
not meet with the same success, however. The panel, upon removal of the dead, weights, 
lifted off the die along its periphery, resulting in an anticlastic, saddle-back- 
shaped surface. The bow at the bend line measured approximately 3/8 inch, with the 
edges being higher than the middle. The bowing was thought to be the result of an 
incomplete stress relief. To compensate, the heating cycle was extended to 12 hours 
and the dead weights were rearranged to apply greater pressure around the edges. This, 
■hriTT -j h ovpvpr, was unsuccessful, suggesting that the bowing could possibly be due to 
residuaX-stresses..- induced -during cool down,. 

Various methods were employed to maintain an even temperature during cool down 
on this and subsequent panels. Panels were covered with insulating blankets and 
allowed to slowly cool in the oven, and weights were judiciously removed to cc»n~ 
pensate for uneven cool down. A set of shaped ceramic blocks was eilso made to 
separate the panel from the steel weights . .. All- of Jihese methods, net with partial 
success and none were repeatable. In addition, cold-forming on a power brake 
followed by a die anneal was tried, but this too did not appreciably improve panel 
definition. As a result of the above forming trials, two panels with a slight bow 
of approximately .09 and .10, respectively, were deemed acceptable for assembly.. On 
the remaining two panels the bowing persisted to a magnitude of approximately l/4 
inch, 

A check and straightening operation in a power brake was then tried. This 
standard shop practice, which is often employed to correct minor distortions in 
a3.uminum and titanium parts, is normally governed by process specifications. 

However, since no previous experience existed with Lockall.oy, a simple cold bend test 
was devised and performed on a Lockalloy remnant to verify that the panel would 
suffer no damage or degradation. 'Ihis test is described in Section 3, Paragraph 3-9* 
One of Un‘ (;o.ld-.stralfditened panels was successfully brought to the desired 
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conf if^uration and aftnr Zyi'lo- inspection wan released Lo production, 'i’he second 
panel, however, was distorted by the Introduction of a slifdit oil can buckle. To 
remove this distortion, the panel was subjeettid to an additional stress-relieving 
cycle on the ceramic die. The original forming procedure was used but a different 
cooling cycle was tried.- This time the panel was removed from the hot die rapidly 
and suspended in still air to allow natural cooling to room temperature. The panel 
produced by this method proved to be one of the better ones. — Ihe_ natural air-cool 
cycle evidently provided uniform cooling with attendant results.. — ^This method of 
cooling is much more economical than the Initial method, since the duration of the 
cycle is greatly reduced and the die is available sooner for further production. 
Further verification tests are needed, however, to demonstrate the reliability and 
repeatability of this forming technique before it can be fully accredited. 



6.2 SUBSTRUCTURE ASSEMBLY 

Fabrication of the ventral fin substructure was accomplished in the assembly 
jig by first clamping the Lcckalloy leading and trailing edge members, the titanium 
ribs, beams, and associated fillers, angles, and internal splice straps in positions 

determined by locators. The above stracLurai members were then tack riveted together 

usin^ standard shop practices. Panel mounting holes were drilled in the substructure 
after assembly was complete, using the actual panels as templates. Pilot holes were 
drilled initially. These holes were later punched and reamed to final size, unless 
accessibility dictated drilling. Drill bushings were used to protect the holes in 
the panels- an,', also to prevent the assembly area from being contaminated by beryllium 
particles. Panels vfere clamped in place one at a time and the holes v/cre then 
drilled. Mounting holes for the next adjacent panel were then drilled in a similai’ 
manner. Mounting holes for each horizontal row of panel.s were drilled in an orderly 
predetermined sequence, working from the leading and trailing edges towards the 
center and establishing proper thermal expansion gaps between panels in the process. 
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The final step in the assembly of the substructure involved installation of 
the front and, rear hinge fittings at the intersection of the root rib and the 
principal front and rear b,ams«. .Most-of. the holes needed for installation of the 
fittings were drilled using drilu. templates made- directly from the fittings. The 
remaining holes were drilled using the actual fittings with drill bushings installed 
in the holes to prevent damage. 

6.3 FINAL ASSEMfiLr 

Final assembly of the ventral fin primarily involved installation of the flight 
test instrumentation aind installation of surface psinels- The inner surfaces of the 
panels and the exterior titanium splice straps were painted with a high temperature 
aluminized paint prior to assembly to isolate the dissimilar metals that would other- 
wise be in direct contact following final assembly. This was done to prevent future 
galvanic action. 

Tne left-hand panels were installed first, using screws and hex nuts. These 
panels are permanently installed and are not supposed to be removed in the field. 
Next, the flight test instrumentation and its associated wire harnesses etfid cabling 
were installed indeslgnated locations. The final step in the assembly sec^uence 
involved installation of the right-hand surface panels. These panels £ire secured 
through close tolerance mounting holes by fixed plate nuts and screws sind ore 
designed for easy removal to provide access to internal flight test instrumentation. 
During final assembly, however, it became apparent that these panels could not be 
removed and replaced as easily as had been desired. Small inaccuracies, accumulated 
in the transfer drilling of holes from the panels to the substructure, combined with 
minimum diameter holes in the panels and the fixed locations of the plate nuts, mode 
it difficult to iiistall and remove the fasteners. This situation was corrected by 
carefully reaming the holes In the Lockalloy panels to increase their diameter to tu" 
high side of acceptaole tolerances. 
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The coinplcted ventral fin was then r.ubjoctcd to proof-load teat;;. A review of 
the strain cage data obtained during these tests indicated that stresses in the 
surface panels, near the root rib and rear beam, were considerably higher than had 
been predictrjttv. The substructure was reinforced as a result to provide increased 
edge support and preclude possible instability failure of the surface panels in this 
area between limit and ultimate loadings. Several formed titanium angles were 
installed inside the existing spanwlse titanium splice channels tO' Increase the 
support capability of the substructure at the panel joints. 

6.4 SAFETY PROVISIONS AND TESTS 

Safety tests were performed periodically throughout the program by Lockheed-ADP 
personnel in association with the Lockheed-California Company Industrial Safety 
Department. These tests were needed to assure the safety of personnel that would be 
fabricating the LockaJLloy components of the ventral fin or conducting the concurrent 
material characterization studies. Since the toxic effects that accrue from inhal- 
ation of beryllium powder are well known, It was reasonable to assume that the 
machining or hot forming of Lockalloy could be hazardous to the personnel so engaged. 
For this reason, the machining of most of the Lockalloy components was left to outside 
vendors that had special hooded enclosures equipped with vacuum devices to prevent 
contamination of the air. However, since all forming operations and material char- 
acterization studies were to be accomplished in-plant by Lockheed-ADP personnel, 
special tests were performed in advance to confirm that heating Lockalloy to temper- 
atures of 1050°F did not present a health hazard. In addition, tests were performed 
to detect Lockalloy surface contamination and also to determine the hazards associated 
with simple machining operations that might have to be done in-plant. 
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6.4.1 Iiockalloy Heating Safety Tests - To verify Ihc fsaf', ly of vorkiii., with Lockalloy 
at typical forming temperatures, several specimens were heated in a small furnace and 
air samples obtained periodically by opening the furnace door. The air samples were 
collected using equipment provided by, and under the direct supervision of, a 
representative fnam the Lockheed-California Company Industrial Safety Depsirtment. 

Two types of equipsnent were used which collected air samples at two different 
rates of airflow* Filters from both samplers were submitted for analysis to deter- 
mine Ihe-^total.. quantity of beryllium collected* In each case, the total weight of 
beryllium was extremely small compared to allowable-levels. For a given volume of a 
air-j- however, there was a large difference in the quantity collected using the tv^o 
samplers— These, results were considered. iixcoiiciusiv&, since the total weights of 
beryllium reported approached the minimum that could be measured using the accepted 
analysis method. 

A second set of air samples was obtained, over a longer period of time, using 
the equipment with the highest rate of airflow. This was done in an attanpt to collect 
a larger total quantity of beryllium, if any was present. 

Filters used during this second set of sampling tests were submitted for 

analysis, .alflng. with new, uncontArainated filters » These. filters were analyzed 

usii^ two different" analysis methods. In both cases, the total quantity of beryllixun 
reported on the unexposed filters was higher than that found on the filters used 
during actual air sampling of Lockalloy specimens heated to 1050°F. In all cases, 
the total weight reported was less than the minimum that can be accurately measured 
by the particular aneilysls method used. 

As a result of he above tests, the Industrial Safety Department concluded that 
heating Lockalloy specimens to 1050^F does not liberate any beryllium to the atmospher*’ , 
Lockheed-ADP was then authorized to process and test Lockalloy at this temperature 
without any special precautionary measures. 
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6.4,2 Lockalloy Surface Oontamlnatlon Safety Tests - Special tests were performed 
to measure surface contamination of Lockalloy under various conditions. The Lock- 
alloy surface panels were tested for surface contamination by wiping the panels 
with filter papers. Panels were tested in as-received condition, after machining, . 
and after thorou^ washing. Analysis of the filters indicated that the surface 
beryllium is detectable but considerably below the limits considered acceptable. 

Similar tests performed on Lockalloy specimens exposed to 3.5 percent salt 
spray solution for seven days indicated high levels of ber^’llium oxides attached 
to the surface. It was therefore concluded that paint or other appropriate surface 
coatings should be used to protect Lockallcy material Intended for use in corrosive 
environments, and thereby protect personnel from possible contamination. 

6.4*3 Lockalloy Machining Safety Tests - During final assembly of the ventral fin 

it became necessary to enlarge the holes in the Lockalloy panels (See Paragraph 6.3). 
Since this operation was performed at Lockheed-ADP, it afforded an opportunity to 
determine whether or not it posed any hazards to the personnel Involved, During 
the reaming operation, portable vacuum equipment was used to collect the Lockalloy 
chips. Air samples were also collected at the work and in the surrounding area by 
a representative frtmi the Lockheed-California Company industrial Safety Department. 
Analysis of these samples indicated that the quantity of beryllium in the atmosphere 
was well below acceptable limits and confirmed that this operation could be accom- 
plished safely. 

6.4.4 Physical Examinations for Personnel - In addition to the above safety tests, 
all Lockheed-ADP personnel Involved in Lockalloy fabrication and testing v/ere given 
thorough physical examinations at the outset of the program and will be re-examined 
at its conclusion to determine whether any deleterious effects on the health of 
personnel occurred as a result of their participation on this pro/^r;un. 
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6,5 EXPERIENCE SUMMARY 

During fabrication of the Lockalloy surface panels, valuable experience weis 
gained relative to the machining and forming of Be-38A1 Lockalloy. Although the 
formed parts were relatively simple, the formability of Lockalloy was confirmed and 
the ease with which it ceun be machined was amply demonstrated. Specific conclusions 
resulting from the various fabrication processes utilized during the program and 
ftroiiL-the..accoii!®aiQrlng safety tests are listed belowi 

a. Lockalloy can be machined almost eis easily as structural Eiluminum etlloys. 
(The cutting life of the cutters is approximately one-half that of cutters 
used on aluminum alloys.) 

b. Standard cutting tools can be used for Lockalloy - no special carbide-type 
cutting tools Dje necessary. 

c. Unlike beryllium, no postraachining etching of Lockalloy is required 
to eliminate microcracking. 

d. Extensive Lockalloy machining operations require special equipment to 
prevent random dispersion of beryllium particles; however, simple 
machining operations such as reaming, countersinking, corrective 
drilling, etc.,- can be accomplished using portable vacuum equipment 
to prevent contamination of the work area. 

e. Small Lockalloy panels can be formed with relative case at temperatures 
of 1050°F using inexpensive open-face ceramic dies; larger Lockalloy 
panels are subject to distortions introduced by non-uniform cooling. 
Although this problem appeared to have be(?n overcome by th'.' simpl'’ 
expedient of natural air-cooling following fom-.lng, additional 

are needed Lu curifim. the repi>atabi i i > y o*' Uiis process. 
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f. Lockallqy does not require cleaning to remove oxidation after prolonged 
exposure to forming temperatures*. . 
ga No safety precautions are necessary to protect personnel during 

lockallqy forming operations* 

li* J^'brlcatlon.-nosta associated with Lockallpy forming operations appear 
to be reasonable since relatively single open-face ceramic, dies can be 
used for moat anticlpatei? applications* Moreover, forming con be 
accco 5 )lished Jn the fu» .‘e without the use of a hot press, 
i* Ha nd l in g of lockolloy material or parts fabricated therefrom- is not" 

hazardous to personnel; however , handling of lockalloy material that has 
had prolonged exposure to a corrosive environment may be hazardous to 
personnel if products of corrosion are present. To prevent corrosion 
and also safeguard personnel, Lockallqy material intended for use in such 
an environment should be protected by painting or other svirface treatments. 
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SECTION 7 
GROUND TESTS 


Ground tests were performed to proof test the ventral fin prior to delivery to 
NASA Flight Research Center and to calibrate the flight test instrumentation. These 
tests v/ere performed with the ventral fin mounted in a loading fixture by means of 
its forward and aft hinge fittings as it is in the airplane. Instrumentation con- 
sisted of axial strain gages, shear gages, and deflection gages (Figure 7-1). Test 
loads were applied to the fin through strategically located compression pads by means 
of hydraulic jacks (Figure 7-2). The fin was first proof-loaded to design limit load 
for each of three different critical flight loading conditions ( 15 , 47, and 71 percent 
of mean aerodynamic chord, representing anticipated flight maximums). Strain gage and 
deflection readings were recorded at each load increment. 

Data for calibration of flight test instrumentation was obtained by separately 
loading each of 20 compression pads with arbitrary loads. Deflection and strain 
gage readings v;ere taken at 20 percent load Increments as the load was increased and 
as it was decreased. This data was subsequently transferred to punched cards for 
eventual use in a flight test correlation program. 

Additional information concerning the ground tests is provided in a special 
report, titled "Proof and Calibration Tests - Lockalloy Ventral Fin," Lockheed-/J)P 
Report No. SP-4401. 
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